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NITROGEN SUBSTmJTED l>2,4-TRIAZOLOr3.4-A1PHTHALAZINE 
DERIVATIVES FOR ENHANCING COGNITION 

The present invention relates to a class of substituted triazolo- 
5 phthalazine derivatives and to their use in therapy. More particularly, 
this invention is concerned with nitrogen substituted l,2,4-triazolo[3,4r 
ojphthalazine derivatives which are hgands for GABAa receptors 
containing the oc5 subunit and are therefore useful in the therapy where 
cognition enhancement is required. 

10 Receptors for the major inhibitory neurotrarusmitter, gamma- 

aminobutyric acid (GABA), are divided into two main classes: (1) GABAa. 
receptors, which are members of the ligand-gated ion channel superfamily; 
and (2) GABAb receptors, which may be members of the G-protein linked 
receptor superfjEimily. Since the first cDNAs encoding individual GABAa 

15 receptor subunits were cloned the niunber of known members of the 

mammalian fisunily has grown to thirteen (six a subimits, three P subunits, 
three y subunits and one 5 subimit). It may be that further subunits 
remain to be discovered; however, none has been reported since 1993. 
Although knowledge of the diversity of the GABAa receptor gene 

20 family represents a huge step £3rward in ovx understanding of this Ugand- 
gated ion channel, insight into the extent of subtype diversity is stUl at an 
early stage. It has been indicated that an a subimit, a p subunit and a y 
subunit constitute the miTiiTniiTn requirement for forming a fully 
functional GABAa receptor expressed by tranaently transfecting cDNAs 

25 into cells. As indicated above, a 5 subunit also exists, but is apparently 
uncommon in the native receptor. 

Studies of receptor size and visualisation by electron microscopy 
conclude that, like other members of the hgand-gated ion channel family, 
the native GABAa receptor exists in pentameric form. The selection of at 

30 least one ot, one P and one y subunit from a repertoire of thirteen allows for 
the possible existence of more than 10,000 pentameric subunit 
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combinations. Moreover, this calculation overlooks the additional 
permutations that would be possible if the arrangement of subunits 
around the ion channel had no constraints ^.e. there could be 120 possible 
variants for a receptor composed of five di^rent subtmits). 
5 Receptor subi^pe assemblies which do exist include aip2y2, 

a2p2/3Y2, a3PY2/3, a2pyl, a5p3y2/3, a6PY2, a6p5 and a4p6. Subtype 
assemblies containing aa al subunit are present in most areas of the brain 
and account for over 40% of GABAa receptors in the rat. Subtype 
assemblies containing a2 and a3 subunits respectively aocoimt for about 

10 25% and 17% of GABAa receptors in the rat- Subtype assemblies 

containing an a5 subunit are primarily hippocampal and represent about 
4% of receptors in the rat. 

A characteristic property of some GABAa receptors is the presence 
of a number of modulatory sites, of which the most explored is the 

15 benzodiazepine (BZ) binding site through which anxiolytic drugs such as 
diazepam and temazepam exert their effect. Before the cloning of the 
GABAa receptor gene family, the benzodiazepine binding site was 
historically subdivided into two subtypes, BZl and BZ2, on the basis of 
radioligand binding studies. The BZl subtype has been shown to be 

20 pharmacologically equivalent to a GABAa receptor comprising the al 

subimit in combination with P2 and y2. This is the most abimdant GABAa 
. receptor subtype, representing almost half of all GABAa receptors in the 
brain. 

A number of dementing illnesses such as Alzheimer's disease are 
25 characterised by a progressive deterioration in cognition in the sufferer. It 
would clearly be desirable to enhance cognition in subjects desirous of such 
treatment, for example for subjects suffering from a dementing iOness. 

It has been reported by McNamara and Skelton in Psychobiology, 
21:101-108, that the benzodiazepine receptor inverse agonist p-CCM 
30 enhanced spatial learning in the Morris watermaze. However, p-CCM and 
other conventional benzodiazepine receptor inverse agonists are 
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15 



20 



proconvulsant or convtdsant which makes it clear that they cannot be used 
as cognition enhancing s^nts ia humans. 

However, we have now discovered that it is possible to obtain 
medicaments which have cognition enhancing effects which may be 
employed with less risk of proconvulsant effects previously described with 
benzodiazepine receptor partial or ftdl inverse agonists. 

It has now been discovered that use of an a5 receptor partial or full 
inverse agonist which is relatively free of activity at al and/or a2 and/or 
oS receptor binding sites can be used to provide a medicament which is 
usefiil for enhandi^ cognition but in which proconvulsant activity is 
reduced or eliminated. Inverse agonists at a5 which are not free of 
activity at al and/or a2 and/or <x3 but which are functionally selective for 
<x5 can also be used. Inverse agonists which are both selective for a5 and 
are relatively free of activity at al » a2 and a3 receptor binding sites are 
preferred. 

WO-A-9850385 describes a related series of 1,2,4- 
triazolo[3,4-a]phthalazine derivatives which are stated to possess 
cognition enhancing activity. However, there is no disclosure nor any 
suggestion in either of the pubUcations of the compotuids of the present 
invention, which have advantageous solubility. Compared to such 
compounds those of the present invention generally have improved 
pharmacokinetics, such as improved volume of distribution. 

The present invention provides a compound of the fi3rmula I: 




wherein: 



(D 
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A is a Ci.4alkylidene group optionally substituted with one or more 
Ci-4alkyl, halogen or hydrosy groups in which case and R^^ are 
independently chosen from hydrogen, Ci-ioaliyl, CMcydoaliyl, C5- 
ecydoalkenyl, Ca-ioalkenyl, C5a.ioalkynyl, aminoCMoaJkyl, Cx- 
5 GalkylaminoCi-ioalkyl, di(Ci-6alkyl)aminoCMoalkyl and phenylCi-ioaUyl, or 
R20 and R^, together with the nitrogen atom to which they are attached, 
form an unsaturated 4-7 membered heterocyclic ring optionally containing 
a further nitrogen atom or an oxygen atom, or a 5 or 6 membered 
heteroaromatic ring containing one, two or three further heteroatoms 

10 chosen jfrom O, N and S, at most one of the heteroatoms being O or S, may 
be substituted with one or two groups chosen from halogen, hydroxy, Ci. 
ealiyl, CF3, CN, amino and nitro or and/or R^i, together with A and the 
nitrogen to which R^ and/or R^i is attached, form a 4-7 membered 
heterocyclic ring optionally containii^ a further nitrogen or oxygen atom, 

15 R20 and R^i being optionally substituted with one, two or three groups 

chosen from halogen, hydroxy, Ci-salkyl, CF3, CN, amino, C(0)H, carboagr 
and CO2C1-6 alkyl; 

alternatively A is a bond in which case R^ and R^\ together with 
the nitrogen atom to which they are attached, form a 4-7 membered 

20 saturated heterocyclic ring containing a further nitrogen or oxygen atom, 
or a partially saturated heterocyclic ring optionally containing a further 
nitrogen or oxygen atom, R^ and R^i being optionally substituted with 
one, two or three groups chosen from halogen, hydroxy, Ci-saUqrl, CF3, CN, 
amino, nitro, C(0)H, carbo^qr and C02Ci.6alkyl; 

25 Ri is hydrogen, halogen or CN or a group CF3, OCF3, Ci-4alkyl, 

Cz^alkenyl, C24allcynyl, Ci.4aIkoxy, CMalkenyloxy or C2-4aliynyloxy, each 
of which groups is tmsubstituted or substituted with one or two halogen 
atoms or with a pyridyl or phenyl ring each of which rings may be 
unsubstituted or independently substituted by one or two halogen atoms 

30 or nitro, cyano, amino, methyl or CF3 groups; 
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R2 is hydrogen, halogen or CN or a group CF3, OCF3, Ci.4alkyl, 
C2-4alkenyl, C52-4alliynyl, Ci-4alkoxy, C2.4aIkenyloxy or C^-iall^yloxy each 
of which groups is unsubstituted or substitated with one or two halogen 
atoms; 

5 L is O, S or NR" where R"* is H, Ci^alkyl or Cs^ycloalkyl; 

X is a 5-membered heteroaromatic ring containing 1, 2, 3 or 4 
heteroatoms independently chosen from oxygen, nitrogen and sulphur, at 
most one of the heteroatoms beir^ oxjrgen or sulphur, or a 6-membered 
heteroaromatic ring containing 1, 2 of 3 nitrogen atoms, the 5- or 

10 6-membered heteroaromatic ring being optionally fused to a benzene ring 
and the heteroaromatic ring beii^ optionally substituted by R' and/or Rr 
and/or R^ where R« is halogen, R» OR^ OCOR^, NR^Rs NR^COR^, 
tri(Ci.6alkyl)silylCi-6alkoxyCMaIkyl, CN or R^, Ry is halogen, R\ OR3, 
OCOR3 NR*R5 NR4COR5 or CN and R^ is R^, OR^ or OCOR3, where R^* is 

15 Ci^aliyl, Cz^alkenyl, Cz-ealiynyl, Ca-ecycloaltyl, hydrosyCi-salkyl and R^ 
is optionally mono, di- or tri-fluorinated, R^ and R^ are each independently 
hydrogen, Ci^alkyl, C2-6alkenyl, Cz-ealkynyl, C»^cycloalkyl or CFs or R^ 
and R5, together with the nitrogen atom to which they are attached, form a 
4-7 membered heteroahphatic ring containing the nitrogen atom as the 

20 sole heteroatom, and R^ is benzyl or an aromatic ring containing either 6 
atoms, 1, 2 or 3 of which are optionally nitirogen, or 5 atoms, 1, 2 or 3 of 
which are independently chosen from oxjrgen, nitrogen and sulphur, at 
most one of the atoms being oxygen or sulphur, and R^ is optionally 
substituted by one, two or three substituents independentiy chosen from 

25 halogen atoms and Ci.4altyl, C^alkenyl, Cs^ialkynyl, Ci-4alkoxy, 
C2-4alkenyloxy and Ca^alhynyloxy groups each of which groups is 
imsubstituted or substituted by one, two or three halogen atoms, and 
when X is a pyridine derivative, the pjrridine derivative is optionally in the 
form of the N-oxide and providing that when X is a tetrazole derivative it 

30 is protected by a Ci-4albyl group; or X is phenyl optionally substituted by 
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one, two or three groups independently selected from halogen, qrano, Ci- 
ealkyl, Ca-ealkenyl, Cs^alkynyl and Cs-epydoalkyl; 

T is optionally branched Ci.4alkylidene optionally substituted by an 
oxo group or Y is a group (CH2)]0 wherein the oxygen atom is nearest the 
5 group X and j is 2, 3 or 4; 

Z is a 5-membered heteroaromatic ring containing 1, 2 or 3 
heteroatoms independently selected from oxygen, nitrogen and sidphur, at 
most one of the heteroatoms being oxygen or svdphur and providing that 
when one of the atoms is oxygen or sulphiu: then at least one nitrogen 

10 atom is present, or a 6-membered heteroaromatic ring containing 2 or 3 
nitrogen atoms, Z beii^ optionally substituted by and/or R"^, where 
is halogen, R« NR^s, NR^CORB CN, fiiryl, thienyl, phenyl, benzyl, 
pyridyl or a 5-membered heteroaromatic rii^ containing at least one 
nitrogen atom and optionally 1, 2 or 3 other heteroatoms independently 

15 selected from oxygen, nitrogen and sulphur, at most one of the other 
heteroatoms being oxygen or sulphur and R'*^ is R® or CN; 

is Ci-6allQ^l, Ca-ealkenyl, C2-6aIkynyl, Cs-ecycloalkyl, 
hydroxyCi-calkyl, Ci-ealkoxy, C2^alkenyloxy, C2-6aIk3myloxy, 
Ci-salkoxyCi^alkyl, CH2F or CF3; and 

20 R*^ and R* are each independently hydrogen, Ci-ealkyl, C2^alkenyl, 

Cz-ealkynyl, Cs-eqrdoallcyl or CF3 or R'^ and R^ together with the nitrogen 
atom to which they are attached, form a 4-7 membered heteroaliphatic 
rin^ containing the nitrogen atom as the sole heteroatom; 
or a pharmaceutically acceptable salt thereof 

25 As used herein, the expression "Ci^alkyl" includes methyl and ethyl 

groups, and straight-chained and branched propyl, butyl, peniyl and hexyl 
groups. Particular alkyl groups are methyl, ethyl, n-propyl, isopropyl and 
t-butyL Derived expressions such as "Ci-4alkyl", "C2-4aIkenyr, 
"C2^alkenyr, 'TiydroxyCi-ealkyr, "Ca^alkyF and "C2^alkynyr are to be 

30 construed in an analogous manner. 
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The expression "Cs^cydoalkyr as used herein includes cyclic propyl, 
hutyl, pentyl and hexyl groups such as cydopropyl and (yclohe:^L Cs. 
ecycloalkenyl shall be construed in an analogous manner. 

Suitable 5- and 6-nxembered heteroaromatic rings include p3rridinyl, 
5 pyrida2inyl, pyriimidinyl, pyrazinyl, pyrrolyl, pyrazoly^ oxazolyl, 

isoxazolyl, thiazolyl, isothiazolyl, imidazolyl, oxadiazolyl and thiadiazolyl 
groups. A suitable 5-membered heteroaromatic ring containing four;, 
nitrogen atoms is tetrazolyL Suitable 6-membered heteroaromatic rings 
containing three nitrogen atoms include 1,2,4-triazLae and 1,3,5-triazine. 
10 Suitable 4-7 membered heterocyclic rings include piperidine, 

piperazine, morphoUne, pyrrole, azetidine, homopiperaiine and 
homopiperidine, unless otherwise indicated. Such rings may be partially 
saturated or unsaturated. 

The term lialogen" as used herein includes fluorine, chlorine, 
15 bromine and iodine, of which fluorine and chlorine are preferred. 

As used herein the term ''Ci-ealkoxy^ includes metho^^ and ethoxy 
groups, and straight-chained, branched and cyclic propoxy, butoxy, 
pentoxy and hexoxy groups, including cyclopropyhnethoxy. Derived 
expressions such as "C2-6aIkenyloxy^', "G2-€al]cynyloxy", "Ci^alkoxj^', 
20 "C2-4atkenyloxy' and "C2.4aIkyloxy" shoidd be construed in an analogous 
manner. 

A may be a Ci-^alkylidene group optionally substituted with one or 
more Ci-^alkyl. 

A may be Ci.2alkylLdene optionally substituted by one or two 
25 hydroxy or Ci.zalkyl groups. A may be Ci.2albylLdene substituted by 
hydroxy or by two methyl groups. 

A is preferably Ci.2aIkyUdene optionally substituted with one, two 
or three methyl groups. Particularly A is CH2, CH2CH2, C(CH3)H or 

C(CH3)2. 

30 may be hydrogen, halogen or CN or a group Ci^alkyl, 

C2.4alkenyl, C2-4alkynyl, Ci^alkoxy, C2^alkenyloxy or C2-4aIkynyloxy, each 
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of which groups is unsubstituted or substituted with one or two halogen 
atoms or with a pjnridyl or phenyl ring each of which rings may be 
unsubstituted or iudependently substituted by one or two halogen atoms 
or nitro, cyano, amino, methyl or CF3 groups. is typically hydrogen, 
5 fluorine, chlorine, bromine or a group Ci-4alkyl, Ca^alkenyl, C52.4alkynyl, 
Ci.4alkoxy, Ca.4alkenyloxy or CMalkynyloxy, each of which groups is 
unsubstituted or substituted with one or two halogen atoms or by a pyridyl 
or phenyl ring each of which rings may be unsubstituted or substituted by 
one or two halogen atoms or nitro, qyano, amino, methyl or CF3 groups and 

10 is generally hydrogen, fluorine or pyridylmethoxy, typically hydrogen. 
R2 may be hydrogen, halogen or CN or a group Ci-4alkyl, 
C2-4alkenyl, Ca^jaliynyl, Ci-ialko^, CMalkenyloxy or Ca.4aIkynyloxy each 
of which groups is unsubstituted or substituted with one or two halogen 
atoms. typically hydrogen, fluorine, chlorine or bromine, and is 

15 generally hydrogen or fluorine, typically hydrogen. 

R20 and R21 may be and R^i are independently chosen from 
hydrogen, Ci-ioalkyl, C2-ioalkenyl, Cz-ioalkynyl, aminoCMoalkyl, Ci- 
ealkylaminoCi-ioalkyl, di(Ci-6alkyl)aminoCi-ioaIkyl and phenylCi-ioalkyl, or 
R20 and 1EL^\ together with the nitrogen atom to which they are attached, 

20 form an unsaturated 4-7 membered heterocyclic ring optionally containing 
a further nitrogen atom or an oxygen atom, or a 5 or 6 membered 
heteroaromatic ring containing one, two or three further heteroatoms 
chosen from O, N and S, at most one of the heteroatoms being O or S, V 
may be substituted with one or two groups chosen from halogen, hydroxy, 

25 Ci^alkyl, CFs, GN, amiao and nitro. 

R20 and R^i are preferably iadependently selected from hydrogen, 
Ci^alkyl, amino Ci-eallyl, Ci-ealkylaminoCi^alkyl, di(Ci^alkyl)amino Ci- 
ealkyl and phenyl Ci-ealtyl or R20 and together with the nitrogen atom 
to which they are attached, form an azetidinyl, piperidiayl, piperazinyl or 

30 morpholinyl ring or a 5 or 6 membered heteroaromatic ring containing 1,2 
or 3 further heteroatoms chosen from O, N and S, at most one of the 
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heteioatoms being O or S, the heteroaromatlc ring being optionally 
substituted by Ci.4alkyl. 

Specific examples of NR^R^^ are azetidinyl, dimethylamino, 
morpholinyl, N-methylpiperazinyl, piperidinyl, piperazinyl, iniidazolyl, 
5 diethylamino, amino, (dimethylaininopropyl)(metIiyl)amino, methylamino, 
benzylamino andphenylethylamino. 

Further spedfic examples of NR201121 morpholin-4-yl, 
%utylamino, ethylamino, 4-methylpiperazin-l-yl, propylamino, 2,6- 
dimethylpiperidin-l-yl, diisopropylamino, 2,6-dimethylmorphoIin-4-yl, 

10 diisobuiylamino, dicydohexylamino, (tertLarybul7l)(ethyl)amiao, 
cydohexylamino, (isopxopyl)(<yclohexyl)amino, pyrrolyl, (ethyl) 
(q7clohexyl)amino, 2,5-dimethylp3nTol-l-yl, 4-methoxycarbonylpiperidin-l- 
yl, metho:87carbonylmethylamino, 4-(piperidin-l-yl)carboxylic acid, 
methylcarboxylic add aad 2,2,2-trifluoroethyL 

15 Particular preferred groups ANR^R^i are dimethylaminoethyl, 

azetidin-l-ylethyl, dimethylaminomethyl, dimethylaminoethyl, 1-amino-l- 
methylethyl and 1-dimethyl-l-methylethylamino. 

Further specific examples of ANII20R21 include l-methylpyrrol-2-yl, 
4-hydroxypiperidiQ-l-yl and piperid-3-en-4-yl. 

20 Preferably L is an o:^gen atom. L may also be NR° in which R° is 

preferably hydrogen or methyl. R^ may be hydrogen. 

X is generally: pjoidyl, psnrazanyl, pjnidazinyl or pyrimidinyl 
optionally substituted by a halogen atom or a group R^ OR^, NR^R^ or a 
five membered heteroaromatic ring containing 1, 2 or 3 nitrogen atoms, 

25 and X is optionally fitsed to a benzene ring; a 5-membered heteroaromatic 
ring containing 2 or 3 heteroatoms chosen firom oxygen, sulphur and 
nitrogen, at most one of the heteroatoms being oxygen or sulphur, which is 
imsubstituted or substituted by one, two or three groups independently 
chosen from halogen and R^, or which is substituted by a pyridyl, phenyl 

30 or benzyl ring which ring is optionally independently substituted by one, 
two or titree halogen atoms or Ci^alkyl or CF3 groups; or phenyl optionally 



wo 02/42305 l>CT/GB01/05164 

10 



substituted by one, two or three independeiitly chosen halogen atoms. In 
particular X is pyridyl, pyrazinyl, pyridazinyl or pyrimidinyl which is 
unsubstituted or substituted by methyl, CF3, methoxy, bromine, chlorine, 
isopropoxy, dimethylamino or a 5-membered heterocyclic ring containing 
5 1, 2 or 3 nitrogen atoms, and X is optionally fiised to a benzene ring, or X 
ispyrazolyl, isothiazolyl, isoxazolyl, 1,2,4-triazolyl, thiazolyl, 1,2,3- 
triazolyl or imidazolyl which is unsubstituted or substituted by one, two or 
three groups independently chosen from methyl^ CF3 and chlorine or is 
substituted by a phenyl, benayl or pyridyl ring which ring is unsubstituted 

10 or substituted by chlorine or CF3, or X is phenyl which is unsubstituted or 
substituted by chlorine. X may be monosubstituted by 
tri(Ci^aIkyl)silylCMaIko3yCi-4allgrl such as trimethylsilylethoxsrmethyl. 
A &voured value of X is pyridazine. Specific values of X are 2-pyridyl, 6- 
methylpyridin-2-yl, 3-pyridyl, 4-pyridyI, 3,5-dimethylpyrazol-l-yl, 3- 

15 methoxypyridin-2-yl, 3-methyhsoxazol-5-yl, pyrazol-l-yl, 6-chloropyridin- 

2- yl, 6-bromopyTidin-2-yl, 6-methoxypyridin-2-yl, 6-isopropo:^yridin-2-yl, 
6-iV,i\r-drmethylpyridin-2-yl, 6-(unidazoH-yl)pyTidia-2-yl, 3-pyridazino, 4- 
pyrimidinyl, pyrazin-2-yl, 2-quinoUnyl, 2-quinoxalyl, 2-(4- 
tri£luoromethyl)pyridyloxy, 4-methyUsothiazolyl, 2,6-dichlorophenyl, 4- 

20 methylthiazol-5-yl, 2-methylthiazol-4-yl, 2-[l-(3-trifluoromethyl)pyrid-6- 
yllimidazolyl, l-benzylimidazol-2-yl, l-(4-chlorophenyl)-l,2,3-triazol-4-yl, 

3- chloro-2-methyl-5-trifluoromethylpyrazol-4-yl and l-methyl-l,2,4-triazol- 

3- yl. Further specific values of X are (5-trifluoromethyl)pyridyl-2-yl, (3- 
trifluoromethyl)pyrid-2"yl, (4-triQuoromethyl)pyrid-2-yl, l-methyUmidazol- 

25 2-yl, 3-methylimidazol-4-yl, l,2,4-triazol-3-yl, l-isoprqpyl-l,2,4-triazol-3-yl, 

4- methyl-l,2,4-triazol-3-yl, l,2,3-triazol-4-yl, isothiazol-3-yl, l-ethyl-1,2.4- 
triazol-3-yl, 2-methyl.l,2,3-triazol-4-yl, l-methyH,2,3-triazol-4-yl, 2- 
methyl"l,2,4-triazol-3-yl, l-methyUmidazol-4-yl, 5-tert-bufylpyrida2ia-3-yl 
and l-methyH,2,3-triazol-5-yl. Still further particular values of X are 2- 

30 benzyH,2,4-triazol-3-yl, l-ben2yH,2,4-triazol-3-yl, l-nbutyl-l,2,4-triazol- 
3-yl, 2-ethyl-l,2,4-triazol-3-yl, 2-methylpyrazol-3-yl, l-methylpyrazol-3-yl, 



wo 02/42305 PCT/GBOl/05164 

11 



l-npropyl-l,2,4-triazol-3.yl, l-(2,2,2-trifluorethyl)-l,2,4-triazol-^ 1- 
ethyl-l,2,3-triazol-5-yl, l-methyltetrazol-2-yl, iinidazol-2-yl, 2-npropyl- 
l,2,4-triazol-3-yl, l-ethyl-l,2,3-triazol-4-yl, 2-ethyl-l,2,3-triazol"4-yl, 1- 
ethyliinidazol-5-yl, l-etliylimidazol-4-yl, l-npropyM,2,4-triazol-3-yl and 1- 
5 ethyl-l,2,3-triazol-5-yL 

When X is a substituted 6-meinbered heteroaromatic ring: 
is preferably halogen, R^, OR^ NR^R^ or a five-membered 
heteroaromatic ring containing 1, 2 or 3 nitrogen atoms and more 
preferably methyl, CF3, methoxy, bromine, chlorine, isopropoxy, 
10 dimethylamino or a five-membered heterocyclic ring containing 1, 2 or 3 
nitrogen atoms; and and R^ are preferably absent. 

When X is a substituted S-membered heteroaromatic ring: 
R^ is preferably halogen, R^ or a pjoridyl, phenyl or benzyl ring which ring 
is optionally independently substituted by one, two or three halogen atoms 
15 or Ci.«alkyl or CF3 groups and more preferably R* is methyl, CF3, chlorine 
or a phenyl, pyridyl or benzyl ring which ring is unsubstituted or 
substituted by chlorine or CF3; and Ry and R^ are preferably halogen or R^ 
and more preferably methyl, CF3 or chlorine. 

Parficxdarly aptly X is an unsubstituted six-membered 
20 heteroaromatic group containing one or two nitrogen atoms. 

Apt values for Y include CH2, CH(CH3), CH2CH2 and CH2CH2CH2 
optionally substituted by an 0x0 group, and CH2CH2O and C!H2CBbCH20, 
For example, Y can be CH2, CH2CH2, CH2CH2CH2, CH2CH2O or 
CH2CH2CH2O. Preferably Y is CH2 or CH2CH2 and most preferably CH2. 
25 From the foregoing it will be understood that particularly sxiitable 

groups L-Y-X are OCH2X groups where X is pyridyl or P3rridazinyl, 
particularly 2-pyridyL 

R^ is suitably chlorine, R^, thienyl, fiiryl, pyridyl or NRTR^ more 
particularly R^, thienyl, fiiryl, pyridyl or NR'Tl®, for example Ci^calkyl, 
30 C3-6cycloalkyl, hydroxyCi-calkyl, pyridyl, thienyl or amino and more 
particularly methyl, ethyl, ethoxy, isopropyl, cyclopropyl, thienyl or 
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pyridyl, and even more particularly methyl, ethyU isopropyl, cydopropyl, 
thienyl or pyridyl. A further example of is chlorine. 

R"^ is suitably R«, for example Cwaliyl, CH2F or hydro^Ci-ealigrl, 
more particularly methyl, CH2F or hydroxymethyl. Generally is 
5 absent. 

R^ may be halogen, R^ 0R3, OCOR3, NR^Rs, NR^CORs, CN or R9. 
Z is preferably a 5-membered heteroaromatic ring containing 1, 2 or 
3 heteroatoms iadependently selected from oxygen, nitrogen and sulphur, 
at most one of the heteroatomis being oxygen or sulphur and providing that 
10 when two of the heteroatoms are nitrogen an oxygen or sulphur atom is 
also present and that when one of the atoms is oxygen or sulphur then at 
least one nitrogen atom is present, or a 6-membered heteroaromatic ring 
containing 2 or 3 mtrogen atoms, Z beiag optionally substituted by R^ 
and/or Rw where R^ is halogen, R« NRms NR^CORs CN, furyl, thienyl, 
15 phenyl, benzyl, psrridyl or a 5-membered heteroaromatic ring containing at 
least one nitrogen atom and optionally 1, 2 or 3 other heteroatoms 
, independently selected from oxygen, nitrogen and sulphur, at most one of 
the other heteroatoms beiag oxygen or sulphur and R^ is R^ or CN. 
Suitable values for Z include pyrimidinyl, pyraziayl, pyrrolyl, 
20 oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, oxadiazolyl and thiadiazolyl 
groups which groups are optionally substituted by R® , thienyl, furyl, 
pyridyl or NR'Tl^ groups. 

Z is very aptly a 5-membered heteroaromatic ring containing one 
oxygen and one or two nitrogen ring atoms and is optionally substituted by 
25 a group R^. In such compounds R® is fiavourably a methyl group. 

Favoured values for Z include optionally substituted isoxazoles and 
oxadiazoles. 

Z may be unsubstituted. 
Z may very aptly be substituted by methyl. 
30 Particular values of Z are 3-methyloxadiazol-5-yl, 3- 

<yclopropyloxadLazol-5-yl, 5-methylisoxazol-3-yl, 5-(3-pyridyl)-isoxa2ol-3- 
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yl, 5-hydrosym6thylisoxazol-3-yl, 4,5-dimethyli60xa2ol-3-yl, 5- 
ethylisoxazol-3-yl, 5-cyclopropyli80xa2ol-3-yl, 5-isopropylisoxazol-3-yl, 
isoxazol-S-yl and 5-thienylisoxazol-3-yl. Further particular values for Z 
include 5-fluoromethylisoxazol-3-yl, 4-niethylisoxazol-3-yl, 5- 
5 ethoxyisoxazol-3-yl, 4-methLyl-5-chloroisoxazol-3-yl, 5- 

trifluoromethylisoxazol-3-yl, 5-(pyrid-2-yl)isoxazol-3-yl, 5-beiizyIisoxazol-3 
yl, 5-chloroisoxazol-3-yl and 3-cyclopropyloxadiazol-5-yL Still further 
particular values for Z include 5-methoxyisoxazol-3-yl, 5- 
methox3rmethylisoxazol-3-yl, 5-methyloxadia zol-3-yl, pyrazin-2-yl and 3- 
10 methyhsoxazol-S-yl. 

R3 may be Ci-ealkyl, Cs^alkenyl, Cz^alkynyl, Cs-epycloalkyl, 
hydroxyCi-salkyl or CF3- 

Glenerally is Ci-ealkyl, Ci-ealkoxy or CJFs. In particular is 
methyl, methoxy, ispropo^ or trifluoromethyl. 
15 Generally R"^ and R^ are independently hydrogen or Ci^alkyl, in 

particular hydrogen or methyl, for example both can be methyl. 

may be Ci-ealkyl, C2-6alkenyl, C2-6alkynyl, Ca-ecycloalkyl, 
hydroxyCi-ealkyl, Ci^alkoxy, C2^alkenyloxy, Cs-caliynyloxy, CH2F or CF3. 
Generally R^ is CH2F, CF3, CisaSkoxy, Cs-etycloalkoxy, Ci^aliyl or 
20 hydroxyCi-ealksrl, for example, CH2F, CF3, methyl, ethyl, iospropyl, 
cydppropyl or hydroxymethyl, particularly methyl or cydopropyL 
Altematively R^ is Ci^ealkyl or hydroxyCi-salkyl, for example, methyl, 
ethyl, isipropyl, cydopropyl or hydro^methyL 

Generally R*' and R^ are independently hydrogen or Ci-salkyl, 
25 particularly hydrogen or methyl. 

Generally R® is pyrazolyl, imidazolyl, phenyl, benzyl or pyridyl 
optionally substituted by halogen, preferably chlorine, or CF3. In 
particular R^ can be imidazol-l-yl, 3-trifluoromethylpyrid-5-yl, benzyl and 
4-chlorophenyl. 

30 Generally R^^ is Ci-ealiyl or CF3, in particular methyl or CF3, for 

example CF3. 
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A preferred subclass of compounds is that represented by formula P: 




O-CH2-XAR20R21 

5 

wherein A, X, R^o and R^* are as defined above. The preferred definitions 
of A, X, R20 and R^i apply to this subclass also. 

For use in medicine, the salts of the compounds of formula I wiU be 
pharmaceuticaUy acceptable salts. Hence in a favoured aspect this 

10 invention provides the compounds of the formula I and pharmaceuticaUy 
acceptable salts thereo£ Other salts may, however, be useful in the 
preparation of the compoimds according to the invention or of their 
pharmaceuticaUy acceptable salts. Suitable pharmaceuticaUy acceptable 
salts of the compoimds of this invention include add addition salts which 

15 may, for example, be formed by mixing a solution of the compound 

according to the invention with a solution of a pharmaceuticaUy acceptable 
acid such as hydrochloric acid, sulphuric acid, methanesulphonic acid, 
fumaric acid, maleic acid, succinic acid, acetic add, benzoic add, oxalic 
add, dtric acid, tartaric add or phosphoric add. Furthermore, where the 

20 compounds of the invention carry an addic moieiy, suitable 

pharmaceuticaUy acceptable salts thereof may indude alkali metal salts, 
e.g. sodium or potassium salts; alkaline earth metal salts, e.g. caldiun or 
magnesium salts; and salts formed with sidtable organic Hgands, e.g. 
quaternary ammonium salts. 

25 Where the compoimds according to the invention have at least one 

asymmetric centre, they may accordingly exist as enantiomers. Where the 
compounds according to the invention possess two or more asymmetric 
centres, they may additionaUy exist as diastereoisomers. It is to be 
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understood that all such isomers and mixtures thereof in any proportion 
are encompassed within the present invention. 

It will he understood by the skilled person that when a five- 
membered heteroaromatic ring is referred to in the &regoing having four 
5 heteroatoms in the ring, then all these heteroatoms are nitrogeiL It will 
further be understood that when a substituted five-membered 
heteroaromatic ring is referred to having two nitrogen atoms and an 
oxygen or sulphur atom in the ring, then only one substituent may be 
present so that aromaticity is maintained. Thus, for example, in such a 
10 case X may only be substituted by and Z may only be substituted by R^. 

Specific compounds within the scope of the present invention 
include: 

dimethyl(2-{6-[3-(5-methylisoxa2»l-3-yl)-[l,2,4]triazolo[3,^^^ 
ylo37methyIIpyridin-3-yl}ethyl)amine; 
15 6-[5-(l-azetidin-l-ylethyl)pyridin-2-ylmethyloxy]-3-(5-methylisoxazol^ 
[l,2,4]tnazolo[3,4-a]phthalazine; 

dimethyl{6- [3-(5-methylisoxazol-3-yl)- [1, 2,4] triazolo [3,4-a]phthalazin-6- 
yloxymethyl]pyridin-3-ylmethyl}amine; 

dimethyl[2-{5-[3-(5-methylisoxazol-3-yl)-[l,2,4]triazolo[3,4-o]phthala2m 
20 yloxymethyl]-[l,2,4]triazoH-yl}ethyl]amine; 

l-methyl-l-(2-[3-(5-methyIisoxazol-3-yl)-[l,2,4]triazolo[3,4-a]phthalaz^ 
yloxymethyl]pyridin-5-yl}ethylanune; 

dimethyl-(l-methyl-l-{2-[3-(5-methyl-isoxazol-3-yl)-{l,2,4]tria20^ 

a]phthalazin-6-yloxymethyl]pyridin-5-yl}ethyl)aniine; 
25 and their pharmaceutically acceptable salts. 

Further specific compounds include: 

3-(5-methylisoxazol-3-yl)-6-[5-(l-methylpyrroHdin-2-yl)pyridin-2- 

ylmethoxy]-[l,2,4]tria2olo[3,4-a]phthalazine; 

N,N-(iiinethyl-2-[5-({[3-(5-methyhsoxazol-3^yl)[l,2,4]triazolo[3,4- 
30 a]phthalazin-6-yl]oxy}methyl)- LFf- [1,2, 3] triazol- 1-yl] ethylamine; 
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dimethyl-(2.{4-[3-(5-metiiylisoxazol-3-yl)-[l,2,4]to 
ylox3anethyl]41,2,3]triazol-l-yI}ethyl)ai^ 

3- (5-methylisoxazol-3-yl)-6-(6-[morpholin-4-yl]pyrid^ 
ylmethoxy) [l,2,4]triazolo43,4-a]phthalazine; 

5 645<2<azetidin-l-yl)ethyl)-l-methyl-lH-[l,2,3]t^^ 
methyl-isoxazol-3-yl)-[l,2,4]triazolo[3,4-a]phthalaziiie; 

4- [5-({[3-(5-methylisoxazol-3-yl)[l,2,4]triazolo[3,4-a]ph^ 
yl]oxy}methyl)p3aidin-2-yl]piperidin-4-ol; 
3-(5-methyIisoxazol-3-yl)•6-(1^2^3^6•-tetrahydro-[2,4^^^^ 

10 ylmethoxy)-[l,2,4]triazolo[3,4-a]phthalazme; 

3-(5-mettiylisoxa2ol-3-yl)-6-(l-methyl-5-(piperidin-l-yl^^ 

[l,2,3]triazol-4-ylmethosy)-[l,2,4]tiiazolo[3,4-a^ 

2-(azetidin-l-yl)-l-{5-[3-(5-methylisoxazol-3-yl)-[l,2,4]t^^ 

a]phthBlazm-6-yloxymethyl]pyridin-2-yl}etlianol; 
15 N-methyl-2-{4-[3-(5-methylisoxazol-3-yl)41,2,4]triaTO^^ 

ylox3nnethyl]41,2,3]triazol-l-yl}ethyl)aiQme; 

te^^butyl[3-(5-methylisoxazo^3-yl)-[l,2,4ltriazolo[3,4-a]phtha^^ 

yloxymethyl]p3aida2dn-3-ylmethyl}ainiiie; 

{245-(3-isoxazol-3-yl-[l,2,4]triazolo[3,4-o]phthala2dn-6-yloxym 
20 [l,2,4]triaz»l-l-yl]ethyl}dimethylainm 

dimethyl[2-{5-[3K3-meiJiyl[l,2,4]oxadia2»l-5-yl)41,2,4]t^^ 

a]phtlialazin-6-yloxymethyl]-[l,2,4]triazol-l-yl^^ 

dimethyl{l-methyl-5-[3-(5-methylisoxazol-3-yl)-[l 

a]phthala2in-6-yloxymethyl]-lif-[l,2,4]triazol-3-ylmeth^ 
25 N-ethyl(l-{l-methyl-5-({[3-(5-methylisoxazol-3-yl)[l,2,4]tria!ro 

a]phthalazin-6-yl]oxy}methyl)-llf41,2,4]triazol-3-yl]ethyla^ 

and their pharmaceutically acceptable salts. 

Examples of pharmaceutically acceptable salts are hydrochlorides, 

sulfates, citrates, tartrates, acetates, methanesulfonates, phosphates, 
30 oxalates and benzoates. 
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The compounds of the present invention have a good binding 
afOnity (Kj) for the a5 subunit. In a preferred embodiment the compounds 
of the invention are binding selective for the (x5 subunit relative to the al, 
a2 and a3 subtmits. In another preferred embodiment the compounds are 
5 functionally selective for the aS subunit as partial or fiill inverse agonists 
whilst substantially being antagonists at the al, a2 and a3 subunits. 

CJognition enhancement can be shown by testing the compounds in 
the Morris watermaze as reported by McNamara and Skelton, 
Psychobiology, 21:101-108. The functional efficacy at the various receptor 

10 subtypes can be calculated using the method disclosed in WO-A-9625948. 
The invention also provides pharmaceutical compositions 
comprising one or more compounds of this invention and a 
pharmaceutically acceptable carrier. Preferably these compositions are in 
unit dosage forms such as tablets, pills, capsules, powders, granules, 

15 sterile parenteral solutions or suspensions, metered aerosol or liquid 
sprays, drops, ampoules, transdermal patches, auto-injector devices or 
suppositories; for oral, parenteral, intranasal, sublingual or rectal 
administration, or for administration by inhalation or insufflation. For 
preparing solid compositions such as tablets, the principal active 

20 ingredient is mixed with a pharmaceutical carrier, e.g. conventional 

tableting ingredients such as com starch, lactose, sucrose, sorbitol, talc, 
stearic adLd, magnesium stearate, dicalciiun phosphate or gums or 
surfactants such as sorbitan monooleate, polyethylene glycol, and other 
pharmaceutical diluents, e.g. water, to form a solid preformulation 

25 composition containing a homogeneous mixture of a compound of the 
present invention, or a pharmaceutically acceptable salt thereof. When 
referring to these preformulation compositions as homogeneous, it is 
meant that the active ingredient is dispersed evenly throughout the 
composition so that the composition may be readily subdivided into 

30 equally eflfective unit dosage forms such as tablets, piUs and capsules. 

This soUd preformulation composition is then subdivided into xmit dosage 
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forms of the type described above contaiiui]^ firom 0.1 to about 500 mg of 
the active ingredient of the present invention. Topical unit dosage forms 
contain &om 1 to 100 mg, for example 1, 2, 5, 10, 25, 50 or 100 mg, of the 
active ingredient. The tablets or pills of the novel composition can be 
6 coated or otherwise compounded to provide a dosage form afifording the 
advantage of prolonged action. For example, the tablet or pill can 
comprise an inner dosage and an outer dosage component, the latter being 
in the form of an envelope over the former. The two components can be 
separated by an enteric layer which serves to resist disintegration in the 

10 stomach and permits the inner component to pass intact into the 

duodenmn or to be delayed in release. A variety of materials can be used 
for such enteric layers or coatings, such materials including a number of 
polymeric acids and mixtures of polymeric adds with such materials as 
shellac, cetyl alcohol and cellulose acetate. 

15 The present invention also provides a compound of the invention for 

use in a method of treatment of the human body. Preferably the 
. treatment is for a condition associated with GABAa receptors comprising 
the a5 subunit sind/or for the enhancement of cognition. Preferably the 
condition is a neurological deficit with an associated cognitive disorder 

20 such as a dementing illness such as Alzheimer's disease. Other conditions 
to be treated include cognition deficits due to traumatic injury, stroke, 
Parkinson's disease. Downs syndrome, age related memory deficits, 
attention deficit disorder and the like. 

Thus, for example, the compounds of the present invention can be 

25 used in a variety of disorders of the central nervous systeni. Such 

disorders include delirium, dementia and amnestic and other cognitive 
disorders. Examples of delirium are delirium due to substance 
intoxication or substance withdrawal, delirium due to mtdtiple etiologies 
and delirium NOS (not otherwise specified). Examples of dementia are: 

30 dementia of the Alzheimer's type with early onset which can be 

uncomphcated or with delirium, delusions or depressed mood; dementia of 
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the Alzheimer's l^pe, with late onset, which can be tmcomplicated or with 
delirium, delusions or depressed mood; vascular dementia which can be 
uncomplicated or with delirium, delusions or depressed mood; dementia 
due to HIV disease; dementia due to head trauma; dementia due to 
5 Parkinson's disease; dementia due to Huntington's disease; dementia due 
to Pick's disease; dementia due to Creutzfeld-Jakob disease; dementia 
which is substance-induced persisting or due to multiple etiologies; and 
dementia NOS. Eicamples of amnestic disorders are amnestic disorder due 
to a particular medical condition or which is substance-induced persisting 

10 or which is amnestic disorder NOS. 

Those compounds whidb are not inverse agonists at the a5 subtype 
may be used as alcohol antagonists or to treat obesity. 

The present invention furtheir provides the use of a compound of the 
present invention in the manufacture of a medicament for the 

15 enhancement of cognition, preferably in a human suffering from a 
dementing illness such as Alzheimer's disease. 

Also disclosed is a method of treatment of a subject suffering from a 
cognition defLdt, such as that resulting firom a dementing illness such as 
Alzheimer's disease, which comprises administering to that subject an 

20 effective amount of a compound according to the present invention. 

The Hquid forms in which the novel compositions of the present 
invention may be incorporated for administration orally or by injection 
include aqueous solutions, suitably flavoured syrups, aqueous or oil 
suspensions, and flavoured emulsions with edible oils such as cottonseed 

25 oil, sesame oil, coconut oil or peanut oil, as well as elixirs and similar 

pharmaceutical vehicles. Suitable dispersing or suspending agents for 
ft 

aqueous suspensions include synthetic and natural gums such as 
tragacanth, acacia, alginate, dextran, sodiiun carboxymethylcellulose, 
methylcellrdose, poljrvinyl-pyrrolidone or gelatin. 
30 For the enhancement of cognition, a suitable dosage level is about 

0.01 to 250 mg/kg per day, preferably about 0.01 to 100 mg/kg per day, and 
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. especially about 0.01 to 5 mg/kg of body weight per day. The compoimds 
may be administered on a regimen of 1 to 4 times per day. In some cases, 
however, dosage outside these limits may be used. 

The compounds of the invention may be coadministered with known 
5 treatments for ALzheimer^s Disease, such as acetylcholinesterase 
inhibitors, muscariMc*!^ nicotinic agonists, or y-secretase 
inhibitors, spheron disruptors, Aj) formation inhibitors and Ap a^regation 
inhibitors. 

It is preferred that the compounds of the present invention are 
10 ground, fer example using a pestle and mortar or industrial equivalent 

thereto, to a particle size of between 1 and 10 ^M, and preferably less than 
5 ^M, before formulation. The compounds may be micronised or sonidLsed 
by methods known in the art or nanonised, for example by methods 
disclosed in US-A-5145684. 
15 The compounds in accordance with the present invention may be 

prepared by a process which comprises reacting a compound of formula HE 
with a compound of formula IV: 




whereia A, R^, X and Y are as defined above, G is a leaving group such 
as chlorine, OCH2CF3 or paratoluenesulfyloxy, B is LH where L is as 
defined above, is a group Z as defined above or is a moiety which can be 
25 converted into a group Z by further reaction and P is a group NR20R21 as 
defined above or is a protected oxygen atom. 

The reaction between compounds III and IV when L is O is 
conveniently effected by stirring the reactants in a suitable solvent. 
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typically iV^iV^dimetliylformamide and/or tetrahydrofuran, in the presence 
of a strong base such as sodiiun hydride or lithium hexamethyldisilylazide 
typically without heating and under an inert atmosphere such as nitrogen. 
When L is NR'^ the reaction is conveniently effected in the presence of a 
5 strong base such as EtsN or NaH and a solvent such as DMF or DMSO 
generally for 15 to 60 hours with heating to 50-120°C. An example of 
oxygen protecting group is tert-buiyl (dimethyl)silyL 

If necessary, the product of the reaction between the compounds of 
formulae HI and IV is deprotected, for example by using 

10 tetrabulylammonium fluoride or a mixture of acetic add, tetrahydrofaran 
and water. The resulting hydroxy compoxuid is reacted with methane 
sulfonylchloride, generally at O^C in the presence of a base such as 
triethylamine for about an hour. The resulting methanesulfonic acid ester 
is then reacted with HNIl20R2i^ where and R2i are as defined above, to 

15 produce a compound of formula 1. This reaction is generally carried out at 
reflux for several hours in solvents such as tetrahydrofuran and 
dichloromethane. Alternatively, after deprotection, the resulting alcohol is 
reacted with thionylbromide, generally in a solvent such as CH2CI2 at 
about room temperature for 1 h at room temperature. The resulting 

20 bromide is then reacted with HNR20R21 to give the desired compoxmd of 
formula I, The reaction is generally carried out under pressure in a 
solvent such as DMF at about 80°C for 4 h. Alternatively the chloride can 
be produced using thionyl chloride generally in a solvent such as CH2CI2 
at room temperature for about 1 h imder an inert atmosphere. The 

25 resulting compoxmd is reacted with HNR^R^^ at about room temperature 
for about 8 h. 

Where the protecting group is a double bond the product of the 
reaction between the compounds of formulae III and IV can be reacted 
with N-bromo succinimide, generally in a mixture of DMF and H2O with 
30 an acid catalyst such as acetic acid at room temperature for 90 min. The 
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resulting epoxide is reacted with HNR^oR^^ generally in a solvent such as 
DMF at about 80**C for 4 h. 

The intermediates of formula DI above may be prepared by reacting 
a compound of formula V, which constitutes a further featiire of the 
5 present invention, with a compound of formula VI: 




10 wherein R^, R^, G and are as defined above, and W represents a suitable 
leaving group such as Ci-ealkoxy, chlorine or hydroxy. 

The reaction is advantageously conducted in an inert organic 
solvent, generally in the presence of an organic nitrogen base and 
preferably under an inert atmosphere such as nitrogen. Suitable solvents 

15 iixclude xylene, dioxane, tetrahydrofiiran and lower aliphatic halogenated 
and aromatic hydrocarbons. Suitable organic nitrogen bases that may be 
employed include trialkylamines and pyridine. The reaction is generally 
conducted at a temperature range of firom -20**C to the reflux temperatiure 
of the reaction mixture, £3r a period of time that depends on the reactants 

20 employed and the temperature at which the reaction is carried out. The 
compoimd of formula VI may be activated by reacting with a compoimd 
such as bis (2-oxo-3-oxa2X)lidinyl)phosphimc chloride or 
l,l'-carbonyldiimidazole before reaction with the hydrazine. 

When is not a group Z, it is, for example, an allylformyloxime 

25 group which can be converted to a carboxaldehydeoxLme using 

tetrakis(triphenylphosphine)palladiiim(0) generally under an inert 
atmosphere such as nitrogen in the presence of triethylammonium 
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formate, in a solvent such as ethanol for about 18 hours. The 
carboxaldehydeoxime can be converted to a carboxaldehydechloroxime by 
reacting with a chlorinating agent such as N-chlozosucdnimide in a 
solvent such as DMF. The carboxaldehydechloroxinie can be converted to 
5 the desired group Z by reacting with an imsaturated compound sudi a 
vinylidene chloride, methyl propargyl ether, 3-phenyH-propyne, 2- 
pyridylacetylene, trifluoromethylacetylene or ethoxyaceiylene generally in 
the presence of a base such a triethylamine, and a solvent such as 
dichloromethane. Alternatively, the carboxaldehydechloroxime can be 

10 converted to a group Z by reacting with ammonixun hydroxide generally in 
a solvent such as ethanol for about 30 minutes and then acetic anhydride 
generally with heating to reflux for about 16 hours. 

The reaction is advantageously conducted in an inert organic 
solvent, generally ia the presence of an oji^anic nitrogen base and 

15 preferably imder an inert atmosphere such as nitrogen. Suitable solvents 
include xylene, dioxane, tetrahydrofuran and lower aliphatic halogenated 
and aromatic hydrocarbons. Suitable organic nitrogen bases that may be 
employed include trialkylsanines and pyridine. The reaction is generally 
conducted at a temperature range of firom -20^C to the reflux temperature 

20 of the reaction mixture, for a period of time that depends on the reactants 
employed and the temperature at which the reaction is carried out. The 
compound of formula VI may be activated by reacting with a compound 
such as bis (2-oxo-3-oxazolidinyl)phosphinic chloride or 
l,l'-carbonyldiimidazole before reaction with the hydrazine. 

25 Compounds of formula m in which G is OCH2CF3 can be prepared 

by reacting a compound of formula m in which G is chlorine with 2,2,2- 
trifluoroethanol ia the presence of a base such as Uthium 
bis(trimethylsilyl)amide generally in a solvent such as DMF, preferably 
with cooling to about -20*^C-0**C for a period of about 30 minutes. 

30 The compound of formula V is prepared by reaction of a compoimd 

of formula VII: 
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G 




(vn) 

where R^, and G are as defined above, and is another suitable 

leavii]^ group which may be the same as or di£Eerent to G, with hydrazine, 
5 usually in the form of its monohydrate, generally in a solvent such as 

elhanol and generally by refLuxing for a suitable period such as 15 

minutes to 2 hours. 

When the compound of formula VU is asjncmmetrical, that is R^ and 

R2 are different or if they are the same, the substitution pattern about the 
10 fused benzene ring is not symmetrical, the reaction between this 

compoimd and hydrazine will usually give rise to a mixture of isomeric 

products depending on whether group G or G' is di^laced first. Thus in 

addition to the required product of formula V, the isomeric compound 

wherein the R^ and R^ moieties are reversed will usually be obtained to 
15 some extent. For this reason it will generally be necessary to separate the 

resulting mixture of isomers by conventional methods such as 

chromatography. 

The compound of formula VII can be used to prepare a compotuid of 

formula m in a single step by reacting with the appropriate hydrazoic 
20 acid. This is generally carried out in the presence of a base, such as 

triethylamine, in a solvent such as xylene, at reflux imder an inert 

atmosphere such as nitrogen. 

The compound of formula VU can be prepared by reacting a 

compound of formula X: 
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O 




NH 



NH 



O 



(X) 



where and ^re as defined above, with a suitable reagent for 
5 introducmg leaving groups 6 and G\ for example where G and are both 
chlorine POCI3 can be used generally with heating to reflux for about 16 
hours. 

The compound of formida X can be prepared by reacting a compound 
of formula XI with hydrazine hydrate (EI2NNH2.H2O): 



where R^ and R2 are as defined above. The reaction is generally carried 
15 out in a protic solvent, such as 40% aqueous acetic add, and in the 
presence of a bufifering agent such as sodium acetate, generally with 
heating to reflux for about 16 hoiurs. 

The compound of formula XI can be prepared by reaction of a 
compound of formula XU: 



10 




(XD 



O 




20 



O 



(XII) 
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10 



15 



20 



with suitable reagents to introduce the substituents and where 
necessary. For example, when R^ is phenyloxy or pjnddyloxy or a 
derivative thereoi^ the corresponding hydroxy compound can be used as a 
reagent. The compound of formula XII is commercially available. 

Alternatively, compounds of formula IV in which L is O and the 
carbon atom of Y adjacent to L is not tri-substituted can be made by 
reacting a compound of formula IX with a compound of formula AVIU: * 



in which A, P, X and Y axe as defined above and G" is a leaving group such 
as NMe2 generally between -78^C and room temperature in a solvent such 
as TUF. The bromine of the compotmd of formula IX is activated by 
conversion to an organometallic group with, for example Buld, generally 
at -78^C under an inert atmosphere, in a solvent such as TEDF. The 
product of the compotmds of formulae IX and XVHI is reduced with, for 
example, sodiiun borohydride for about 1 h at room temperature to 
produce the compound of formula IV. 

The compounds of formula IX in which P is a protected oxygen atom 
can be produced by protecting a compound of formtda XDDE: 



Br - X - AP 



H 




(XVII) 



Br-X-A-OH 



(xm) 



with a protecting agent such as tert-butyldimethylsilylchloride under 
conventional conditions as shown in the Examples. 
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Compounds of formula IX in which P is a group NR^R^i can be 
made by reacting a compound of formula XIV with a compoimd of formula 
HNR20R21: 

Br-X-A2 



(XIV) 



where X, and R^i are as defined above and is a group A as defined 
above substituted by an oxo group. The reaction is generally carried out in 
10 the presence of a redudi^ agent such as NaBH(OAc)3 in a solvent such as 
dichloroethane at room temperature for above two days. 

The compound of formula XTV can be made by reacting a compound 
of formula XV with a compound of formula XVI: 

Br-X-Br A^-NMe2 
15 (XV) (XVI) 

where A^ and X are as defined above, generally by initial reaction of 
the compound of formula XV with, for example, Bula to convert the 
bromine to an organometallic group in a solvent such as diethylether at 
20 about -TS'^C for about one hour, followed by addition of the compound of 
formula XVI. 

Compounds of formula IV in which L is O can be produced by 
reacting a compound of formula XIX with HNR20R21 as defined above: 



25 G"'-A-X-Y-P 

(XIX) 

where A, X and Y are as defined above, P is a protected oxygen atom and 
G'" is a leaving group such as bromine or mesyL When G"' is bromine and 
30 A is a bond the Buchwaild reaction utilising a palladium catalyst is carried 
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out. When G*" is mesyl the readaon is generally caxied out in a solvent 
such as THF at reflux for about 4 hours. 

Where they are not commercially available, the compoxmds of 
formula QCDQ in which A has two carbon atoms can be prepared by 
5 reacting a compound of formula XX: 

(XX) 

10 in which X, Y and P are as defined above, with a strong base such as BuLi, 
generally in a solvent such as THF at -78**C under an inert atmo^here, to 
generate the anion which is reacted with the appropriate epoxide at room 
temperature for abut Ih to produce an alcohol which, if needed, can be 
converted to an alternative leaving group using, for example, mesyl 

15 chloride generally in a solvent such as CH2CI2 in the presence of a strong 
base such as EtsN at (fC under an inert atmosphere. 

Where they are not commercially available, the starting materials 
of formulae IV, VI, HNR20R21^ xHI, XV, XVI, XVH, XVHI and XX may be 
prepared by methods analogous to those described in the accompanying 

20 Examples, or by standard methods known fix)m the art. 

It will be imderstood that any compound of formula I initially 
obtained iBrom the above process may, where appropriate, subsequently be 
elaborated into a further compound of formula I by techniques known firom 
the art. 

25 It will also be appreciated that where more than one isomer can be 

obtained from a reaction then the resulting mixture of isomers can be 

separated by conventional means. 

Where the above-described process for the preparation of the 

compounds according to the invention gives rise to mixtures of 
30 stereoisomers, these isomers may be separated by conventional techniques 

such as preparative chromatography. The novel compounds may be 



wo 02/42305 ^CT/GBOl/05164 

29 

prepared in racemic form, or individual enantiomers may be prepared 
either by enantiospedfic synthesis or by resolution. The novel compounds 
may, for example, be resolved into their component enantiomers by 
standard techniques such as preparative HPLC, or the formation of 
5 diastereomeric pairs by salt formation with an optically active acid, such 
as (-)-di-j7-toluoyl-«d-tartaric add and/or (+)-di-/)-toluoyl-l-tartaric acid, 
foUowed by fractional crystallization and regeneration of the free base. 
The novel compoxmds may also be resolved by formation of diastereomeric 
esters or amides, foUowed by chromatographic separation and removal of 

10 the chiral auxiliary. 

Dtuing any of the above synthetic sequences it may be necessary 
and/or desirable to protect sensitive or reactive groups on any of the 
. molecules concerned. This may be achieved by means of conventional 
protectii]^ groups, such as those described in Protective Groups in Organic 

15 Chemistry, ed. J.F.W. McOmie, Plenum Press, 1973; and T.W. Greene & 
P.G.M. Wuts, Protective Groups in Organic Synthesis, John Wiley & Sons, 
1991. The protecting groups may be removed at a convenient subsequent 
stage using methods known from the art. 

The compounds in accordance with this invention potently inhibit 

20 the binding of PH]-flumazenil to the benzodiazepine binding site of human 
GABAa receptors containing the a5 subunit stably expressed in Ltkr cells. 
Reagents 

• Phosphate buffered saline (PBS). 

• Assay bufiEer: 10 mM EH2PO4, 100 mM KCl, pH 7.4 at room temperature. 
25 • pm-Flumazenil (18 nM for alp3y2 cells; 18 nM for a2p3y2 cells; 10 nM 

for a3p3y2 cells; 10 nM for a5p3y2 cells) in assay buffer. 

• Flunitrazepam 100 \jM in assay buffer. 

• Cells resuspended in assay buffer (1 tray to 10 ml). 
Harvesting Cells 

30 Supernatant is removed from cells. PBS (approximately 20 ml) is 

added. The cells are scraped and placed in a 50 ml centrifuge tube. The 
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procedure is repeated with a further 10 ml of PBS to ensure that most of 
the ceUs are removed. The cells are pelleted by centrifij^ing &r 20 rnin at 
3000 rpm in a benchtop centrifuge, and then frozen if desired. The pellets 
are resuspended in 10 ml of buffer per tray (25 cm x 25 cm) of cells. 
5 Assay 

Can be carried out in deep 96-well plates or in tubes. Each tube 
contains: 

• 300 nl of assay buffer. 

• 50 fil of pHJ-flumazenil (final concentration for aip3y2: 1.8 nM; for 
10 a2p3y2: 1.8 nM; for a3p3y2: 1.0 nM; for a5p3y2: 1.0 nM). 

• 50 )il of buffer or solvent carrier (e.g. 10% DMSO) if compounds are 
dissolved in 10% DMSO (total); test compound or flunitrazepam (to 
determine non-specific binding), 10 |xM final concentration. 

• 100 )il of cells. 

15 Assays are incubated for 1 hour at 40*^0, then filtered using either a 

Tomtec or Brandel cell harvester onto GF/B filters followed by 3 x 3 ml 
* washes with ice cold assay buffer. Filters are dried and counted by liquid 
scintillation counting. Expected values for total binding are 3000-4000 
dpm for total counts and less than 200 dpm for non-specific binding if 

20 using Uqtdd sciatiUation counting, or 1500-2000 dpm for total counts and 
less than 200 dpm for non-specific binding if counting with meltilex solid 
scintillant. Biading parameters are determined by non-linear least 
squares regression analysis, &om which the inhibition constant Ei can be 
calculated for each test compound. 

25 The compoimds of the accompanying Examples were tested in the 

above assay, and all were found to possess a Ei value for displacement of 
PH]Ro 15-1788 firom the a5 subunit of the human GABAa receptor of 
100 vM or less, most were at 50 nM or less, many were at 10 nM or less 
and some were at 1 nM or less. 

30 The compoimds of the present can be tested in the rat water maze 

test (Morris, Learning and Motivation, 1981, 12, 239S) to show that they 
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enhance cognitioiL FuriJier details of methodology for demonstrating 
that the present compounds enhance cognition can be found in WO-A- 
9625948. 

The following Examples illustrate the present invention: 

5 

ESPTERMEDIATE 1 
6'CMoro-3-(5"methvIisoxazol>3-vlVl.2,4"tria2olof3.4-a]DhthaLazine 

a) l-Chloro-4-hvdrazinophthala2ine 
1,4-Dichlorophthalazine (20.0g, 0.100 mol) was added to a boiling 

10 solution of hydrazine monohydrate (37.3 ml, 0.765 mol) in ethanol (500 
ml) and the mixture heated at reflux for 0.5 h. The mixture was cooled to 
room temperature and the solid collected by filtration and washed with 
ether. The material was taken with n-butanol and ammonia solution (sp. 
gr, 0-91) and heated until the solid dissolved. The organic layer was 

15 separated, evaporated in vacuo and the residue azeotroped with xylene 
(x2) and dried in vacuo to give the txtle-hydrazine (11,5 g, 59%), NMR 
(250 MHz, d^DMSO) 8 7.84 - 8.04 (3H, m, Ar-H), 8.20 (IH, m, Ar-H); MS 
(ES+) m/e 194 |MH[]+. 

b) 5-Methvlisoxazole-3-carboxvlic acid 

20 A mixture of acetonylacetone (lOg, 88 mmol) and nitric acid (sp. gr. 

1.42) / water (2:3) (50 ml) was cautiously brought to reflux imder a stream 
of nitrogen and boiled for Ih. The solution was cooled to room 
temperature and aged overnight. The restdtant soUd was collected by 
filtration, washed with chilled water (2x7 ml) and hexane, and dried 

25 in vacuo to give the title-acid (4.4g, 40%), NMR (GDCh) 5 2.50 (3H, d, 
J=0.8Hz, Me), 6.41 (IH, d, J=0.8Hz, Ar-H). 

c) 6-CUoro-3-(5-Methvlisoxazol'3-vl)-1.2.4-triazoIo[3 ,4-rT]phi:hala7nne 
5-Methylisoxazole-3-carboxyUc acid (5.24 g, 41.3 mmol), bis(2-oxo-3- 

oxazoUdinyl)phosphiiiic chloride (10.5 g, 41.2 mmol) and triethylamine 
30 (11-5 ml, 82.5 mmol) were added successively to a stirred suspension of 
l-chloro-4-hydrazinophthalazine (8.00 g, 41.2 mmol) in dichloromethane 
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(1 1) at 0 ^'C under nitrogen. The mixture was stirred at 0 for 2h and at 
room temperature ovem^ht. The solvent was evaporated in vacuo, the 
residue triturated with water and the solid filtered o£^ washed with 
hexane and dried in vacuo to give the ketohydraziue (11 g)» MS (ES*) m/e 
5 304 (MH]^. A solution of the ketohydrazLue (11 g) and triethylamine 

hydrochloride (2.2 g, 20% w/w) in xylene (500 ml) was heated at reflux for 
3 h. The mixture was cooled to room temperature and the solvent 
evaporated in vacuo. The residue was dissolved in dichloromethane, 
washed with water (x 2), dried (MgS04) and evaporated in vacuo, and the 
10 solid recrystallised (dichloromethane/hexane) to give the title-cbmpound 
(6.8 g, 58%), iH NME (360MHz, CDCI3) 5 2.59 (3H, s, Me), 6.90 (IH, s, 
Ar-H), 7.95 (IH, m, Ar-H), 8.07 (IH, m, Ar-H), 8.34 (IH, m, Ar-H), 8.78 
(IH, s, Ar-H); MS (ES+) m/e 286 IMH]+ 
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EXAMPLE 1 

Dimethvlf2-f6-r3-(5-methvlisoxazol-3-vlVri.2.41t^ 
vloxvmethvl1pvii(Hn"3-vllethvl)aiiuiie 

5 

Step 1: 2-(2-Bromopvridiii-5-vDethaiiol 

BuLi (32.2 ml of a 1.6 M solution in hexanes, 52 mmol) added dropwise to 
a stirred solution of 2,5-dibromopyridine (11.09 g, 46.8 mmol) in Et20 
10 (400 ml) at -78**C under nitrogen. Upon complete addition the reaction 
mixture was stirred for 45 min and then a solution of ethylene oxide (6.74 
g, 0-14 mol) in THF (70 ml) was added. The reaction mixture was warmed 
to room temperature, stirred for 1 h and then quenched by addition of 
NH4CI solution (sat., 150 ml). The organics were extracted with EtOAc 
(3x100 ml), washed with brine (100 ml) and dried (MgS04). The material 
was concentrated under reduced pressure, whilst simultaneously dry- 
loading onto silica. The material was purified by column chromatography 
on silica eluting with Et20 and then EtOAc to give the pure alcohol (3.8 g, 
40%). 

iH NMR (360 MHz, CDCI3)- 5 2.30 (IH, s), 2.80 (2H, t, J = 6.0 Hz), 3.87 
(2H, t, J = 6.0 Hz), 7.39 (IH, d, J = 8.1 Hz) 7.46 (IH, dd, J = 8.1, 2.4 Hz), 
8.20(lH,d, J = 2.4Hz). 

Step 2: 2-Bromo-5-r2-(t^ ->^"^Tl^iT" ethvlsilvloxv)ethvI|pvridine 

tert-Butyldimethylsilylchloride (2.98 g, 19.7 mmol) was added portionwise 
to a stirred solution of 2-(2-bromopyridin-5-yl)ethanol (3.8 g, 18.8 mmol), 
EtsN (2.75 ml, 19,7 mmol) and DMAP (114 mg, 5 mol%) in CH2CI2 (200 ml) 
at room temperature. The reaction was stirred for 12 h and then iso- 
hexane (300 ml) was added. The resulting precipitate was filtered and the 
filtrate concentrated under reduced pressiure. The crude oil was purified 
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by column chromatography on silica using 30% Et20yiso-hexane as eluent 
to give the silyl ether (4.92 g, 83%). 

iH NMR (360 MHz, CDCJI3) 8 0.00 (6H, s), 0.88 (9H, s), 2.78 (2H,.t, J = 6.2 
Hz), 3.82 (2H, t, J = 6.2 Hz), 7.37 - 7.50 (2H, m), 8.26 (IH, d, J = 2.0 Hz). 

5 

Step 3: (5"f2-(te7t-Butvldimethvlsilvloxv)ethvnT)vridin-2'vllmethanol 
BuLd (14.6 ml of a 1.6 M solution in hexanes, 23 mmol) was added to a 
stirred solution of 2-bromo-5-[2-(tert-bulyldimethylsilyloxy)ethyl]pyridine 
(4.92 g, 15.6 mmol) in THF (100 ml) at -78*^0. The resulting pale yeUow 

10 solution was stirred for 1 h and then DMF (3.6 ml, 46.6 nunol) was added 
in one portion. The reaction mixture was warmed to room temperature 
and stirred for 90 min. MeOH (70 ml) was added, followed by NaBH* 
(589 mg, 15.6 mmol) and stirring was continued for a further 1 h. The 
reaction was quenched by cautious addition of NH4CI (sat. 100 ml) and the 

15 organics extracted with EtOAc (3x100 ml)- The combined extracts were 
then washed with H2O (70 ml) and brine (70 ml), dried (MgS04) and 
concentrated xmder reduced pressiire. The material was used crude 
without further purij&cation. 

iH NME (360 MHz, CDCI3) 5 0.00 (6H, s), 0.88 (9H. s), 2.83 (2H, t, 
20 J = 6,4 Hz). 3.83 (2H, t, J = 6.4 Hz), 4.76 (2H, s), 7.19 (IH, d, J = 8.0 Hz), 
7.54-7.60 (IH, m), 8.43 (IH, s). 

Step 4: 6"l6-r2-(tei^-Buty MinifithY^ 8ilvloxv)ethvllDvridin-2-vl^ 
(5>methvl-ifioxazol-3-vl)-ri.2.41triazolo P.^^1r^^hfl1a9:infi 

25 A suspension of 6-chloro-3-(5-methylisoxazol'3-yl)-[l,2,4]triazolo[3,4- 
alphthalazine and {542-teri-butyldiinethylsilyloxy)ethyl]pyridin-2-yl} 
methanol in THF (20 ml) and DMF (20 ml) at -78°C under nitrogen was 
treated with lithium hexamethyldisUylazide (3.74 ml of a 1.0 M solution in 
THF, 3.74 mmol). The dark red reaction mixture was warmed to room 

30 temperature and stirred overnight. The solvent was removed under 
reduced pressure. Xylene (20 ml) was added and then removed under 
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reduced pressure. CH2CI2 (20 ml) and MeOH (20 ml) were added and the 
crude material was dry loaded onto silica. The mixture was purified by 
column chromatography on silica using 2->3% MeOH[/CH2CJ3 containing 
1% NH3 solution to yield the title phthalaadne (1.28 g, 66%). 
5 iH NMR (400 MHz, CDGh) 5 0.00 (6H, s), 0.87 (9H, s), 2.65 (3H, s), 2.89 
(2H, t, J = 5.7 Hz), 3.88 (2H, t, J = 5.7 Hz), 5.79 (IH, s), 6.91 (IH, s), 
7.66-7.74 (2H, m), 7.83-7.90 (IH, m), 7.95-8.04 (IH, m) 8.32-8.40 (IH, m). 
8.57 (IH, br. s), 8.72-8.77 (IH, m). 

10 Step 5: 2-f643-f5>Methvlisoxazol-3-Yl)-ri.2.41triazol Ap.^1p>i<:li5>1^ 
vloxvmethvnpvridin-3-vl)ethanol 

Tetrabutylanunonium fluoride (2.97 ml of a 1.0 M solution in THF, 
2.0 mmol) was added to a stirred solution of the foregoing silyl ether 

15 (1.28 g, 2.48 mmol) ia THF (100 ml) at room temperature. The reaction 
mixture was stirred for 1 h and then quenched by addition of NH4CI 
solution (sat., 50 ml). The organics were extracted with EtOAc 
(2 X 100 ml), then washed with brine (50 ml), dried MgS04 and dry loaded 
onto silica under reduced pressure. The crude residue was purified by 

20 column chromatography on sihca using 8% MeOH/CH2Cl2 containing 1% 
NHs solution to yield the alcohol (423 mg, 42%). 

iH NMR (360 MHz, di-MeOH) 5 2.59 (3H, s), 2.87 (2H, t, J = 6.4 Hz), 3.79 
(2H, t, J = 6.4 Hz), 5.71 (2H, s), 6.90 (IH, s), 7.71-7.75 (IH, m), 7.78-7.83 
(IH, m), 7.88-7.96 (IH, m), 8.00-8.07 (IH, m), 8.33 (IH, d, J = 8.0 Hz), 8.49 
25 (IH, br. s), 8.54 (IH, d, J = 8.0 Hz). MS (ES+) 403 (M + 1). 

Step 6: Methanesulfonic add 2-(6-r3-(5-methvhsoxazol-3-vl)- 
[1.2.4]triazolof3,4-a]pb thfl1a!riTi- 6-vloxvmethvllPYridin.H-vlk^.thvl^ 



30 



Methanesulfonyl chloride (96 |il, 1.22 mmol) was added to an ice-cold 
solution of 2-{6-[3-(5-methylisoxazol-3-yl)-[l,2,4]triazolo[3,4-a]phthalazin- 
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6-yloxymetIiyl]pyridin-3-yI}ethanol (250 mg, 0.62 mmol) and EtaN (173 pi, 
122 mmol) in CH2Ch (50 ml) at 0°C under nitrogen. The resulting 
mixture was stirred at 0**C for 1 h, then diluted with CH2CI2 (50 ml). The 
resultant solution was washed with H2O (50 ml), HCl (40 ml) and NaHCOa 
5 solution (sat., 40 ml). The colourless solution was dried (MgS04) and 
concentrated under reduced pressure. The resultant mesylate was used 
directly without any further purification. 

m NMR (360 MHz. CDCk) 5 2.58 (3H, s), 2.95 (3H, s), 3.11 (2H, t, 
J = 6.5 Hz), 4.45 (2H, t, J = 6.5 Hz). 5.73 (2H, s), 6.83 (IH, s), 7.27-7.95 
10 (4H, m). 8.28 (IH, d, J = 8.0 Hz), 8.55 (IH, hr. s), 8.62 (IH, d, J = 8.0 Hz), 
MS(ES+)481(M[ + 1). 

Step 7: Dimethvl(2-(6-r3-(5-methvlisoxazol-3>v»-ri.2.41triazolor3.4- 
alphthalazin''6>vloxvmethvnpvridin-3-vl>ethvl)amine 

15 

Dimethylamine (1.55 ml of a 2.0 M solution in THF, 3.1mmol) was added 
' to a stirred solution of methanesulfonic acid 2-{6-[3-(5-methylisoxazol-3- 
yl)-[l,2,4]txiazolo[3,4-a]phthalaziQ-6-yloxymethyl]pyTidin-3-yl}ethyl ester 
in CH2CI2 (10 ml) and the mixture was heated at reflux overnight. More 

20 dimethylamine (3.1 mmol) was added and heating continued for a further 
24 h. The reaction mixture was concentrated under reduced pressure, 
taken up in ClhCh (20 ml) and dry loaded onto silica. Column 
chromatography on silica using 2.5% MeOH/<IEl2Cl2 containing 1% NHs 
solution as eluent gave the amine (52 mg, 39%) as a white solid which was 

25 recrystallised firom CH2Cl2/iso-hexane. 

iH MNR (400 MHz, CDCI3) 5 2.29 (6H, s), 2.50-2.58 (2H, m), 2.59 (3H, s), 
2.80 (2H, t, J = 7.4 Hz), 5.73 (2H, s), 6.84 (IH, s), 7.61 (IH, dd, J = 7.2, 
2.0 Hz), 7.68 (IH, d, J = 7.2 Hz), 7.83 (IH, t, J = 6.4 Hz), 7.92-7.98 (IH, m), 
8.30 (IH, d, J = 7.1 Hz), 8.51 (IH, br. s), 8.68 (IH, d, J = 7.1 Hz). MS 

30 (ES+), 430 (M + 1). MP 118-120^0. 
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C23H23N702. H2O requires: C, 61.73; H, 5.63; N, 21.91%. Found: C, 61.54; 
H, 5.39; N, 21.73%. 

EXAMPLE 2 

5 

646'(l-A2etid Tn-1-Ylftth vDpvridm-9.-Y lmfith vloxv1-8"(5'm 
vlVfl.2,41taiazolof3.4-a1phthalaziTie 

Step 1: l-(6-BromopvriH in-a-Yl)e tIiaaone 

10 

Buli (32.8 ml of a 1.6M solution in hexanes, 53 mmol) was added dropwise 
over 10 TTiin to a stirred solution of 2,5-dibromopyridine (12.44 g, 52.5 
mmol) in EtaO (600 ml) at -78*'C under nitrogen. The resulting suspension 
was stirred at -78°C for 1 h and then heated with dimethylacetamide 

15 (5.86 ml, 63 mmol). The reaction mixture was warmed to room 

temperature and stirred for 1 h. IN HCl (100 ml) was added and the 
organic layer separated. The aqueous layer was extracted with EtOAc 
(3x100 ml). The combined organic extracts were dried (MgS04), 
concentrated under reduced pressure, then taken up in CH2CI2 (200 ml) 

20 and dry loaded onto silica. Ck>lumn chromatography on silica using 30- 
40% EtOAc/iso-hexane as eluent gave the ketone (6.0 g, 57%). 
iH NMR (360 IVtHz, CDCI3) 5 2.62 (3H, s), 7.61 (IH, dd, J = 8.3. 0.6 Hz), 
8.07 (IH, dd, J = 8.3, 2.4 Hz), 8.85-8.95 (IH, m). 

25 Step 2: 541-fAzetidin'l-vl)ethvn-2-bromopvridiiie 

NaBH(OAc)3 (795 mg, 3.75 mmol) was added in one portion to a stirred 
solution of azetidine (674 pi, 10 mmol) and l-(6-bromopyridin-3-yl) 
ethanone (500 mg, 2.5 mmol) in l,2*dichloroethane (60 ml) at room 
30 temperature under nitrogen. The reaction was stirred at room 

temperature for 48 h and then 2N NaOH (10 ml) was added. The organics 
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were extracted with CH2CI2 (3x20 ml) and the combiaed extracts were 
concentrated under reduced pressure whilst dry loading onto silica. 
Purification by column chromatography on silica using 1.5% 
MeOH/CH2Cl2 containing 1% NH3 solution gave the amine (400 mg, 66%). 
5 m NMR (360 MHz, CDCI3), 5 1.18 (3H, d, J = 6.5 Hz) 2.02 (2H, quintet, J = 
7.0 Hz), 3.06 (2H, q, J = 7.0 Hz) 3.15 (2H, q, J = 7.0 Hz), 3.26 (2H, q, J = 
6.5 Hz) 7,42 (IH, d, J = 8.2 Hz), 7.53 (IH, dd, J = 8.2, 2.5 Hz) 8.27 (IH, d, J 
= 2.5 Hz). 

10 Step 3: r5-ll-(Azetid iTi-1-Yl)ftt hvDpvridin-2-vllmethanol 

In the same way as described in Example 1, Step 3 using 5-[l-(azetidin-l- 
yl)ethyl]-2-bromopyTidine (0.4 g, 1.66 mmol), purification by column 
chromatography on silica using 10% MeOH / CH2C5I2 + 1% NH3 solution 
15 gave the alcohol (67 mg, 21%). 

m NMR (360 MHz, CDCI3) 5 1.20 (3H, d, J = 6.5 Hz) 2.02 (2H, quintet, J = 
7.0 Hz), 3.06 (2H, q, J = 7.0 Hz) 3.18 (2H, q, J = 7.0 Hz), 3.30 (2H, q, J = 
6.5 Hz), 4.74 (2H, s), 7.23 (IH, d, J = 8.0 Hz), 7.66 (IH, dd, J = 8.6, 2.1 Hz), 
20 8.45 (IH, d, J = 2.1 Hz) MS (ESt) 193 (M + 1). 

Step 4: 6-[5-ll-( Ay^tiiliTi- l.vDethvBnvridin-2-vLnetfavloxvll-3-(5-methvl 
isoxazol--3-vD-fl.2.41triazolor3,4-<ilphthal; >^CTnft 

25 The reaction was carried out as described in Example 1, Step 4 using 6- 
chloro-3-(5-methylisoxazol-3-yl)-[l,2,4]tria2olo[3,4-a]phthalazine (100 mg, 
0.35 mmol) and [5-{l-(azetidin-l-yl)ethyl}pyridin-2-yl]methanol (67 mg, 
0.35 mmol) to give, after column chromatography on silica, eluting with 
2.5% MeOH / CH2CI2 containing 1% NH3 solution, the amine (121 mg, 

30 79%) which was recrystallised fit)m CH2CI2 / hexane. 
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iH NMR (360 MHz, CDGk) 8 1.22 (3H, d, J = 6.5 Hz), 2,02 (2H, quintet, J 
= 7.0 Hz), 2.60 (3H, s), 3.08 (2H, q, J = 7.0 Hz), 3.18 (2H, q, J = 7,0 Hz), 
3.34 (2H, q. J = 6,5 Hz), 5.72 (2H, s), 6.81 (IH, s), 7.68-7.85 (3H, m), 7.87- 
7.96 (IH, m), 8.27 (IH, d, J = 8.0 Hz), 8.57 (IH, br. s), 8.62 (IH, d, J = 7.9 
5 Hz). MS (ES+) 442 (M + 1). MP 195-198"C. 

C24H23N7O2. 0.25 (H2O) requires: C, 64.63; H, 5.31; N, 21.98%. 
Found: C, 64.61; H, 4.95; N, 21.71%. 

EXAMPLES 

10 

Dimethvlf6-r3-(5-methvlisoxazol-3-vlVri.2.4ltriazoIor3.4-alD^ 
vloxvmethvllT)viidiii-3-Y lTnAthYl}aTniTift 

Step 1: (2'-Broinopvridin-5-vl)raethanol 

15 

Two simidtaneous reactions were conducted whereby: 

BuLi (29.9 ml of a 1.6 M solution in hexanes, 47.7 mmol) was added to a 

stirred solution of 2,5-dibromopyridine (10.3 g, 43.4 mmol) in Et20 

(250 ml) at -78**C imder nitrogen over 10 min. The resulting mixture was 

20 stirred for 15 min, then DMF (10.07 ml, 0.13 mol) was added. The 

reaction was allowed to warm to room temperature and then stirred for a 
further 30 min. The reaction was quenched by addition of H2O (30 ml). 
The reaction mixtures were combined and extracted with EtOAc 
(3 x 250 ml). The combined organic extracts were washed with brine 

25 (100 ml), dried and concentrated under reduced pressure. The crude 

residue was taken up in EtOH (100 ml) and cooled to 0^*0. NaBH4 (3.26 g, 
86.4 mmol) was added portionwise over 10 min, the reaction was warmed 
to room temperature and stirred for 90 min. NH4CI (sat., 50 ml) was 
added cautiously, most of the EtOH was removed imder reduced pressure 

30 and the reaction mixture was diluted with H2O (100 ml). After extraction 
with EtOAc (3 x 250 ml), the combined organic extracts were washed with 
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brine (50 ml), dried and concentrated under reduced pressure. Column 
chromatography on silica using 75-80% Et20/hexanes as eluent gave the 
title alcohol (5.65 g, 35%). 

iH NMR (360 MHz, CDCk) 8 4.69 (2H, s), 7.46 (IH, d, J = 8.2 Hz), 7.59 
5 (IH, dd, J = 8.2, 2.2 Hz), 8.30 (IH, d, J = 2.2 Hz). MS (ES+) 187 (M+). 

Step 2: 2-Bromo-5-(tert-bp «Tl'^iTnp<:ti vIsiIvloxvm ethvlhivridine 

The reaction was carried out as described in Example 1, Step 2 using (2- 
10 bromopyridin-5-yl)methanol (5.69 g, 30.06 mmol) to give after column 

chromatography on silica usrng 15% EtaO/hexanes as eluent the silyl ether 
(7.86 g, 87%). 

iH NMR (360 MHz, CSDCls) 5 0.00 (6H, s), 0.82 (9H, s), 4.60 (2H, a), 7.34 
(IH, d, J = 8.2 Hz), 7.42 (IH, dd, J = 8.2, 2.0 Hz), 8.20 (IH, d, J = 2.0 Hz). 
15 MS (ES+) 302 (M+). 

Stftp 3: 5-(terf-Bv *Yl'^^i«ftthv 1fliIvloxvmet hvn-2-flivdroxvmethvl)pvridiae 
The reaction was carried out as described in Example 1, Step 3 using 2- 
bromo-5-(tert-butyldimethylsilyloxymethyl)pyridine (12 g, 39.7 mmol), 
20 Buli (37 ml of a 1.6 M solution in hexanes, 59.6 mmol) DMF (9.2 ml, 
0.12 mol) and NaBH4 (1.5 g, 39.7 mmol) to yield, after column 
chromatography on silica using Et20 as eluent, the title alcohol (6.66 g, 
66%). 

iH NMR (360 MHz, CDCOa) 5 00.0 (6H, s), 0.83 (9H, s), 4.64 (4H, br. s), 
25 7.11 (IH, d, J = 8.0 Hz), 7.54 (IH, d, J = 8.0 Hz), 8.39 (IH, s). 

Step 4: 6-r5-(tfirt-Butvl<^im ftt.bylRi1v loxvmethyl)pvridiii-2- YlTnftthvloxv1-3- 



30 



The reaction was carried out as described in Example 1, Step 4 using 5- 
(tert-butyldimethylsilylosymethyl)-2-(hydro3qnnethyl)pyridine (1.0 g. 
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3.95 mmol) and 6-cUoTO-3<5-methylisoxa2ol-3-yl)41,2,4]1xiazolo[3,4. 
aJphthalazLae (1.12 g, 3.95 mmol) to give, after coliimn chromatography on 
silica using 2-3% MeOH/CH2Cl2 as eluent, the title phthalazine (1.4 g, 
70%). 

5 m NMR (360 MHz, CDGh) 5 0.00 (6H, s), 0.82 (9H, s), 2.47 (3H, s), 4.67 
(2H, s), 5.64 (2H, s), 6.72 (IH, s), 7.54^7.63 (2H, m), 7.66-7.73 (IH, m), 
7.80-7.87 (IH, m), 8.18 (IH, d, J = 8.1 Hz), 8.50 (IH, s), 8.57 (IH, d, 
J = 8.1Hz)- 

10 Step 5: f6-r3-f5-MethvHsoxazo^3--vlVri.2.41triazolof ^a 4-rt1ph 
vloxvmethvHDvridin-3-vBmethanol 

A solution of 6-[5(tert-butyldimetliylsilyloxymethyl)p3aidin-2- 
ylmethyloxy]-3-(5-methylisoxazol-3-yl)-[l,2,4]triazolo[3,4-a]phthalazme 
15 (1.4 g, 2.78 mmol) in ACOH/THF/H2O [3:1:1, 50 ml] was stirred at room 
temperature for 36 h. The irixture was concentrated under reduced 
pressure and then azeotroped with toluene (2 x 50 ml). The material was 
used without further pimfication. 

m NMR (360 MHz ds-DMSO) 5 2.58 (3H, s),-4.56 (2H, s), 5.69 (2H, s), 6.98 
20 (IH, s), 7.72 (IH, d, J = 7.9 Hz), 7.81 (IH, dd, J = 8.0. 2.1 Hz), 7,96 (IH, t, 
J = 7.6 Hz), 8.10 (IH, t, J = 7.6 Hz), 8.30 (IH, d, J = 7.9 Hz), 8.53-8.64 (2H, 
m). 

Step 6: Methanesulfomc acid 6-f3-(5-methvlisoxazol-3-vl)- 
25 ri.2.41triazolor3.4~a1phthalazin-6-vloxvmethvl1pvridin-3-vhnethvl ester 
Methanesulfonyl chloride (1.07 ml, 13.9 mmol) was added to a stirred 
suspension of {6-[3-(5-methyUsoxazol-3-yl)-[l,2,4]triazolo[3,4-a]phthalazin- 
6-yloxymethyl]pyridin-3-yl}methanol (2.78 mmol), EtaN (1.94 ml, 
13.9 mmol) in CH2CI2 (100 ml) under nitrogen. The reaction mixture was 
30 stirred overnight and then diluted with CH2C12. The resulting solution 
was washed with H2O (100 ml), 1 N HCl (100 ml). NaHCOs (sat., 100 ml) 
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and brine (100 ml). The solution was then dried (MgSO^ and 
concentrated under reduced pressure. The resultant mesylate was used 
without further purification. 

m NMR (360 MHz, CDCI3) 8 2.59 (3H, s). 3.67 (3H, s), 5.28 (2H, s), 5.78 
5 (2H, s), 6.83 (IH, s), 7.86-8.03 (4H, m), 8,31 (IH, d, J = 8.1 Hz), 8.66-8.76 
(2H, m). MS (ES+) 467 (M + 1). 

Step 7: Dimethvl(6-r3-(5-methvlisoxazol-3-vl)-ri,2. 4^]t:Ha7.n1n[,S,4^ 
a lphthalazin-6-vloxvmethvl1pvridin-3-ylmethvllaiaine 

10 

Dimethylamine (5 ml of a 2 M solution in THE, 10 mmol) was added to a 
stirred solution of the crude methanesulfonic acid 6-[3-(5-methylisoxazol-3- 
yl)-[l,2,4]triazolo[3,4-a]phthalazin-6-yloxymethyl]pyridin-3-ylmethyl^ 
(0.278 mmol) in CH2CI2 (20 ml) and stirred at room temperature for 60 h. 

15 The reaction mixture was diluted with CH2CI2 (20 ml) and dry loaded onto 
silica whilst concentrating imder reduced pressure. The residue was 
. pxtriJ&ed by column chromatography on sihca, using 3% MeOH/CHaCla 
containing 1% NH3 solution as eluent, to give the amine (68 mg, 59%) 
after recrystallisation from CH2Cl2/hexanes. 

20 m NMR (360 MHz, CDCI3) 5 2.25 (6H, s), 2.59 (3H, s), 3.46 (2H, s), 5.76 
(2H, s), 6.83 (IH, s), 7.69-7.88 (3H, m), 7.93-8.00 (IH, m), 8.32 (IH, d, 
J = 8.0 Hz), 8.57 (IH, s), 8.69 (IH, d, J = 7.6Hz). MS (ESt) 416 (M + 1). 
MP 170-172*^0. 

C22H21N7O2. 0.5 (H2O) requires: C, 62.25; H, 5.22; N, 23.10%. Found: C, 
25 62.37; H, 4.82; N, 23.08%. 
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EXAMPLE 4 

Dimethvir245-r3-f5-methvlisoxazol-3-vlVri,2,41tria2»to 
ylQxvmethvl1-ri.2.41triazol-'l-Yl)et liYllgtTiinp 

5 

Step 1: Dimethvl(2-ri.2,41triazol-l->vIeth 7l)aniinfi 

Sodium hydride (2.08 g of a 60% dispersion in mineral oils, 52.0 mmol) 
was added portionwise over 5 mm to a stirred solution of 1,2,4-triazole (3.0 

10 g, 43.4 mmol) in DMF (50 ml) at room temperature. The mixture was 
stirred for 15 mm and then added to a stirred suspension of 2- 
dimethylaminoethyl chloride hydrochloride (8.13 g, 56.4 mmol) in DMF 
(50 ml). The mixture was stirred for 15 min and then NaH (60%, 2.08 g, 
52.0 mmol) was added portionwise over 15 min. The reaction mixture was 

15 stirred overnight at room temperature and then for a further 3 h at 70°C. 
The reaction was quenched by cautious addition to H20/ice (150 ml). 
Xylene (500 ml) was added and the mixture concentrated under reduced 
pressure. More xylene (500 ml) was added and the process repeated. 
The crude residue was extracted with CH2CI2 (3 x 300 ml) and the 

20 combined organics washed with brine (50 ml), dried (lV[gS04) and 

concentrated under reduced pressure. Finally the residue was azeotroped 
with xylene (3 x 200 ml) to give the title amine (4.35 g, 719^). 
iH NMR (360 MHz, CDCI3) 5 2.28 (6H, s), 2.74 (2H, t, J = 6.3 Hz), 4.25 
(2H, t, J = 6.3 Hz), 7.93 (IH, s), 8.18 (IH, s). MS (ES"^) 140 (M+). 

25 

Step 2: r2-(2-DLm p-thYlaTTiin oethvlV2H-ri.2.41triazol-3-vllmethanol 

Buli (6.87 ml of a 1.6 M solution in hexanes, 11.0 mmol) was added 
dropwise over 2 min to a stirred solution of dimethyl(2-[l,2,4]triazol-l- 
30 ylethyl)anune (1.4 g, 10 mmol) in THF (50 ml) at -78°C under nitrogen. 
The resulting mixture was stirred at -78''C for 15 min, then warmed to - 
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40^*0 and re-cooled to -78''C. DMF (2.31 ml, 30 mmol) was added and the 
reaction mixture warmed to room temperature and stirred for 15 min. 
MeOH was added fDllowed by NaBBU (567 mg, 15 mmol) and the reaction 
mixture stirred for 30 min. H2O (10 ml) was added followed by IN HCl 
5 (50 ml). The reaction was left to stand overnight. The solvent was 

removed under reduced pressure and the aqueous extracted with CH2CI2 
(5 x 75 ml). The combined organic extracts were washed with brine 
(25 ml), dried (ft^04) and concentrated under reduced pressure. The 
crude residue was azeotroped with xylene (2 x 100 ml) to yield the alcohol 
10 (1.24 g, 73%), 

m NMR (360 MHz, CDCls) 5 2.27 (6H, s), 2.70-2.77 (2H, m), 4.28-4.36 
(2H, m), 4.69 (2H, s), 7.83 (IH, s). 

Ste p 3: DimethvU2-l5>f3-f5-methvhsoxazol-3-vl)-ri,2,41triazolor3,4- 
15 /T]plitli5>lard n.fi.Yloyvmethvll4l.2.41tri azol-l>vl>ethv11amine 

The reaction was carried out as described in Example 1, Step 4 using [2-(2- 
dimethylaminoethyl)-2H-[l,2,4]tria2ol-3-yl]methanol (200 mg, 1.17 mmol) 
and6-cUoro-3-(5-methylisoxazol-3-yl)-[l,2,4]triazolo[3,4-a]phthalazine 

20 (336 mg, 1.17 nunol) to give after column chromatography on silica, using 
5-4^10% MeOH/CEbCh containing 1% NH3 solution as eluent, the amine 
(347 mg, 71%) which was recrystallised from C5H2Ca2^o-hexane. 
iH NMR (400 MHz, CDCJls) 5 2.25 (6H, s), 2.57 (3H, s), 2.77 (2H, t, 
J = 5.5 Hz), 4.49 (2H, t, J = 5.5 Hz), 5.84 (2H, s), 6.85 (IH, s), 7.81 (IH, t, 

25 J = 7.5 Hz), 7.90-8.00 (2H, m), 8.25 (IH, d, J = 6.9 Hz), 8.66 (IH, d, 
J = 7.5 Hz). MS (ES+) 420 ( M + 1). MP 148-153^0. 
C20H21N9O2 requires: C, 57.27; H, 5.05; N. 30.05%. Found: C, 56.96; H. 
5.01; N, 29,92%. 
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EXAMPLE 5 

l-Methvl-l-(243-(5-methvlisoxazoI-3-vlVri,2,41triaTO^^ 
vloxvmethvl1pvridm-5-vllethYlamine 

5 

Step 1: (6-Methvl-l-oxv)ni(X)tmoDitrile 

TrifLuoroacetic acid (11.0 g) was added to a stirred solution of 5-cyano-2- 
methylpyridine (10 g, 84.6 mmol) in AcOH (125 ml) at room temperature 

10 under nitrogen. H2O2 (30% (wAr) in H20, 15 ml) was then added and the 
reaction was warmed to OO^'C and heated for 12 h. The reaction mixture 
was diluted with H2O (100 ml) and concentrated imder reduced pressure. 
Further HzO (70 ml) was added and the resultant mixture was neutralised 
with soHd NaaCOs and then extracted with CHCaa (2 x 125 ml). The 

15 combined organic extracts were dried (MgSO^ and concentrated under 
reduced pressure to yield the crude N-oxide (10.7 g, 94%). 
iH NMR (360 MHz, CDCI3) 5 2.57 (3H, s). 7.40-7.45 (2H, br. s), 8.49 (IH. 
s). MS (ES+) 134 (M+). 

20 Step 2: 6-fter^-Butv 1HiniAtb YlsflvloxvmethvQnicotinonitrile 

TrifLuoroacetic anhydride (27.9 ml, 0.2 mol) was added dropwise over 10 
min, to a stirred solution of (6-methyl-l-oxy)nicotinonitrile (10.7 g, 79.9 
mmol) in dry CH2CI2 (250 ml) at room temperature under nitrogen which 

25 produced an exothermic reaction. The reaction mixture was then stirred 
for a further 1 h and concentrated under reduced pressure. 
The crude mixture was dissolved in CH2CI2 (100 ml) then NazCOs 
(2N, 300 ml) was added and stirred for 2.5 h. The organics were extracted 
with CH2CI2 (3 X 200 ml) and the combined extracts were washed with 

30 brine (150 ml), dried (MgSOi) and concentrated under reduced pressure, to 
yield the crude alcohol (7.85 g). Tfert-butyldimethylsilyl chloride (8.88g, 
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SSmmol) was then added to a stirred solution of the arude alcohol (7.85g, 
58 mmol), EtsN (12.24 ml, 87 mmol) and DMAP (357 mg, 5 mol%) in 
. CH2CI2 (250 ml) at room temperature. The resulting solution was stirred 
overnight. Iso-hexane (400 ml) was added and the resxdtant precipitate 
5 was removed hy jfiltratLon. The filtrate was concentrated under reduced 
pressure and purified by column chromatography on silica, using 30% 
Et20/iso-hexane as eluent, to give the silyl ether (9.11 g, 46%) 



m NMR (360 MHz, CDCI3) 8 0.00 (6H, s), 0.82 (9H,s), 4.73 (2H, s), 7:53 
10 (IH, d, J = 8.2 Hz), 7.83 (IH, d, J = 8.2 Hz) 8.64 (IH, s). MS (ES^) 249 
(M+1). 

Stft p 3: l-r2-(ter^-P ^^^Tl^tTnftth vl5ilvloxvme <-^Y^)rY^^i""fi-^^^ 
methvPethy laminft 

15 

CeCl3.7H20 (10 g, 26.8 mmol) was dried overnight at 120**C, 0.1 mm Hg 
and then for 4 h at 150°C, 0.1 mm Hg. The resulting powder was cooled to 
room temperature and THF (140 ml) was added and the mixture stirred 
for 15 min The suspension was then cooled to -78*'G and MeLi (16.8 ml of 

20 a 1.6 M solution in Et20, 26.8 mmol) was then added dropwise over 7 min. 
The mixture was stirred for 30 min and then a solution of 6-(iert- 
butyldimethylsiIyloxymethyl)mcotinonitrile (2.21 g, 8.9 mmol) in THF 
(10 ml) was added. The oooUng hath was removed and the reaction was 
allowed to warm to room temperature. After stirring for 2 h NH3 (cone, 

25 25 ml) was added and the mixture filtered through celite. The filter pad 
was washed with CH2GI2 (400 ml). The combined filtrates were 
concentrated under reduced pressture then taken up in CH2CI2 (200 ml) 
and dried (MgSO^. The solvent was evaporated to yield the crude amine 
(2.42 g, 96%) which was used without further purificatioiL 
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iH NMB (360 MHz, CDCI3) 5 0,00 (6H, s), 0.83 (9H, s), 1.31 (6H, s), 4.70 
(2H. s), 7.33 (IH, d, J = 8.4 Hz), 7.73 (IH, d, J = 8.4 Hz), 8.53 aH, br. s). 
MS (ES+) 264 (M-NH2). 

5 Step 4: l-f2-flHydroxvmethvDpvridiji-5-Yl1(l"methvl)ethvlamm 

A solution of l-[2-(ter^-butyldimethylsnyloxymethyl)pyridm 
methyl)ethylamiiie (1.5 g, 5.35 mmol) in AcOH (15 ml), THF (5 ml) and 
H2O (5 ml) was heated at 60^*0 for 2.5 h. The resultant mixture was 

10 concentrated under reduced pressue and then azeotroped with toluene 
(2 X 50 ml). The residue was dissolved in CH2CI2 (15 ml) and MeOH 
(15 ml) and dry loaded onto siHca. Purification by colimm chromatography 
on silica, using 10% MeOH/CJHaCk containing 1% NH3 solution as eluent, 
gave the desired alcohol (330 mg, 37%). 

15 m NMR (360 MHz, CDCI3) 5 1.51 (6H, s), 4.73 (2H, s), 7.24 (IH, dd, 
J = 8.2, 0.4 Hz), 7.84 (IH, dd, J = 8.2, 2.3 Hz), 8.70 (IH, br. s). 

Step 5: l-MethvM-(2-r3-(5-methvhsoxazol-3-vl)ri.2,41triazolor3.4- 
a1phtha1azinr6-vloxvmethvl]pvrid iTi-fi-Yl}ftthYlaTTiiTiP. 

20 

The reaction was carried out as described in Example 1, Step 4 using l-[2- 
(hydrox3anethyl)pyridin-5-yl](l-methyl)ethylainine (330 mg, 1.98 mmol) 
and 6-cUoro-3-(5-methyIisoxazol-3-yl)-[l,2,4]triazolo[3,4-a]phthalazine to 
give after colimm chromatography on silica, eluting with 4% 

25 MeOH/CH2Ck containing 1% NHs solution, the title compound (504 mg, 
61%) which was recrystaUised firom CH2Gl2/hexanes. 
iH NMR (400 MHz, CDCb) 5 1.54 (6H, s), 2.60 (3H, s), 5.74 (2H, s), 6.85 
(IH, s), 7.72 (IH, d, J = 7.3 Hz), 7.81 (IH, t, J = 6.4 Hz), 7.88-8.00 (2H, m), 
8.31 (IH, d, J = 7.3 Hz), 8.69 (IH, d, J = 7.0 Hz), 8.84 (IH, br. s). MS (ES+) 

30 416 (M + 1). MP 189-19r C. 
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C22H2iN702.H20 reqiiires; C, 60.96; H, 5.35; N. 22.62%. Found; C, 60.97; 
H, 5.15; N, 22.52%. 

EXAMPLE 6 

5 

Bimethvl-a-methvl-l-l2-f3-(5-methvl-isoxazol-3-vD-fl.2.41tjiazolor3.4- 
/» ]pTithnl5i9HTi.fUvlo3cvmethv llpY"'^'"--^-Y^H^Y^)*'"^^"** 

NaBH(OAc)s (306 mg, 1.44 mmol) was added to a stirred solution of 1- 
10 methyl-l-{2-[3-(5-meaiylisoxazol-3-yl)-[l,2,4]triazolo[3,4-o]pht^^ 

yloxymethyl]pyridin-5-yl}ethjlaimiifi (100 mg, 0.24 mmol), formaldehyde 
(37% (yftw) in H2O, 49 pi, 0.6 mmol) in 1,2-dichloroethane (10 ml) at room 
temperature. The reaction mixture was stirred for 2 h and then quenched 
by addition of NaOH (2N, 10 ml). The organics were extracted using 
15 CH2CI2 (2 X 50 ml) then the combined extracts were dried (^AgSO^ and 
concentrated tmder reduced pressure. The resulting white solid was 
- recxystallised from CBbCWiso-hexane to yield the title amine (80 mg, 
75%). 

iH NMR (360 MHz, ds-DMSO) 8 1.32 (6H, s), 2.08 (6H, s), 2.57 (3H, s). 5.69 
20 (2H, s), 6.96 (IH, s), 7.68 (IH, d, J = 8.2 Hz), 7.88-8.00 (2H, m), 8.11 (IH, t, 
J = 7.7 Hz), 8.32 (IH, d, J = 7.9 Hz), 8.57 (IH, d, J = 8.0 Hz), 8.73 (IH, br. 
s). MS (ES*) 444 (M + 1). MP 173-177''C. 

C24H26N7O2.O.5 (H2O) requires: C, 63.70; H, 5.79; N, 21.67%. Found: C, 
63.70; H. 5.45; N, 21.41%. 



25 
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EXAMPLE? 

3"(5-Methvlisoxazol-3-vl)-6-f5-Q-methvIpvrroKdm 
YliTifithn-gy ]«[l.2,4]triazolo[3,4-a1phthalaziiie 

5 

Step 1: 2-Bromo-5-(l-methvlDViToUdin-2'Vl)pvTi(iiiie 

A solution of Buli (16.9 nmiol) in hexanes (1.6 M, 10.6 ml) waB added to a 
stirred solution of 2,5-dibromopyridine (40 16.9 mmol) in Et20 (300 ml) 

10 at -78^0 under N2. The resulting suspension was then stirred at -78^C for 
1 h. 2V-Methyl pyrrolidinone (1.62 ml, 16.9 mmol) was added and the 
reaction allowed to warm slowly to room temperature and then stirred at 
RT for a further 1 h. NH4CI solution (50 ml) was added and the organics 
were extracted with EtgO (3 x 100 ml). The combined organics were 

15 washed with brine (50 ml) and then concentrated under reduced pressure. 
The crude residue was taken up in 1,2-dichloroethane (50 ml), sodium 
triacetoxyborohydride (3.94 g, 16.9 mmol) was added portionwise and then 
the reaction mixture was stirred at room temperatxure overnight. 2 N 
NaOH solution (50 ml) was added and the organics were extracted with 

20 CB^Cl2 (3 X 100 ml), dried (MgSO^), and concentrated xmder reduced 
pressure. The resulting crude residue was purified by column 
chromatography on silica using 3 % MeOH/CEfeCk containing 1 % NH3 to 
yield the desired pyridine (480 mg, 10 %). nUz (ES+) 241, 243 (1:1, M+H+). 

25 Step 2: r5-a-Methvlp Y^^^'^iTi- 2-vl)pvridip -2-y1lTTiptbaTin1 

A solution of BuLi (3.0 mmol) in hexanes (1.6 M, 1.87 ml) was added to a 
stirred solution of 2-bromo-5-(l-methylpyrrolidin-2-yl)pyridine (480 mg, 
2.0 mmol) in THF (50 ml) at -18^0 under N2. The reaction was stirred at - 
30 78*>C for 10 min, DMF (462 |jd, 6.0 mmol) was added and the reaction 
allowed to warm slowly to room temperatiure and stirred at room 
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temp^atore for a further 1 h. MeOH (50 ml) was added, followed by 
sodium borohydride (75 mg, 2.0 mmol) and then the reaciaon mixture was 
stirred at room temperature for 1 h. NBUCSl solution (10 ml) was added 
cautiously. The resulting mixture was concentrated under reduced 

5 pressure, then dissolved in MeOH/CH2Ch (1:1, 50 ml) and dry loaded onto 
silica. The crude residue was purified by column chromatography on silica 
using 5 % ]\feOH/CH2Ca2 containing 1 % NHa to yield the desired 
hydrmiymethylpyridine OW mg, 26 %). m NMR (400 MHz, CDCla) 5 8.46 
(IH. d. J= 2.0 Hz), 7.70 (IH. dd, J= 8.0. 2.0 Hz), 7.25 (IH, d, J= 8.0Hz), 

10 4.75 (2H, s), 4.18 (IH, broad s), 3.28-3.18 (IH, m), 3.09 (IH, J= 8.3 Hz), 

2.31 (IH, q, J= 9.0 Hz), 2.22-2.16 (IH, m), 2.16 (3H, s), 2.05-1.65 (3H, m). 
m/«(ES+)193(M;+H+). 

Ste p 3-r5-Methvlisoxazol-3-vlV6-r5-a-methvlpvrro l^'1i"-9-Y^)PY^diTi-9.- 
15 vlmethoxvl-ri.2.4ltna» *1"f3.4-«]phthala9:iTiR 

The reaction was carried out according to Example 1 step 4 using the [5-(l- 
methyl-pyrrolidin-2-yl)pyTidin-2-yIlmethanol (100 mg, 0.52 mmol) and 6- 
cMoro-3-(5-methylisoxazolt3-yl)-[l,2,4]triazolo[3,4-a]phthalazine (149 mg, 
20 0.52 mmol). The crude residue was purified by column chromatography on 
silica using 2 % MeOH/CafcCh containing 1 % NHa to yield, after 
rec^stallisation firom CHzCWiso-hexanes, the demied phthaUszine (107 mg, 
47 %). iH NMR (400 MHz, CDCI3) 5 8.69 (IH, d, J= 7.8 Hz), 8.58 (IH. s), 

8.32 (IH, d, J= 8.0 Hz). 7.97 (IH, t, J= 8.0 Hz), 7.78-7.70 (3H, m), 6.83 
25 (IH, s), 5.75 (2H, s), 3.25 (IH, broad s), 3.14 (IH, broad s), 2.59 (3H, s), 

2.40-1.50 (8H, m). m/z (ES+) 441 (M+H+). 
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EXAMPLES 

N.N~Dimethvl-2-r5-f(f3-(5-methvIisoxazol-3-YlU1.2,41t^^ 

nt]pMhalfl?:iTi>fi -Yll0XVlmethvlVli?-[l. ^>,>^1*:H 

5 

step 1: Ethvl l-(2-{ n .I'^itnP.f. hvlethvKfdimethvDsilvlloxvl^ 
triazole-S-carboxvlate andethvl l-(24rLl- 
dimethYlethvl)(diinethvl)sflYl1oxv1ethvlVlg-l,2 

10 Sodium azide (978 mg, 15.0 mmol) was added to a stirred solution of 2- 

(fer*-butyldimethylsilaayloxy)ethyI bromide (3.0 g, 12.5 mmol) in DMF (40 
ml) at room temperature under N2, the reaction heated at 80»C for 1 h and 
then cooled to room tempertaure. H2O (300 ml) was added and then the 
prganics were extracted with EtaO (700 ml and 200ml). The combined 

15 organic extracts were washed with H2O (5 x 150 ml), brine (50 ml), dried 
(iVIgS04) and concentrated imder reduced pressure. Ethyl propiolate (4.8 
ml, 47 mmol) and toluene (50ml) were added and the reaction mixture was 
heated at 80^C overnight and then concentrated under reduced pressure. 
The resulting crude residue was purified by column chromatography on 

20 sihca using 30 to 70 % Et20/w5o-hexanes to yield first the desired ethyl 1- 
(2-{[lJ-dimethylethyl)(dimethyl)silyl]oxy]ethyl)-lH-l,2,3-triaTO 
carboxylate (725 mg, 19%) and then ethyl H2-{[1,1- 
dimethylethyl)(dimethyl)silyl]oxy]ethyl)-lJy-l,2,3-triazole"4-CM 
(2.16 g, 58 %). 

25 ethyl 1-(2'{[1, l-dimethylethyl)(di7nethyl)sUyl]oxy]ethyl)'lH-^ 

carboxylate: m NMR (400 MHz, CDCI3) 8 8.18 (IH, s), 4.97 (2H, t, c7 = 5.6 
Hz), 4.45 (2H, q, J= 7.2 Hz), 4.09 (2H, t, J= 5.6 Hz), 1.47 (3H, t, J = 7.2 
Hz), 0.87 (9H, s), 0.00 (6H, s). m/z (BS+) 300 (IVI+H+). 
ethyl l-(2'{[lJ'dimethylethyl)(<Umethyl)silylJ^^ 

30 carboxylate: m NMR (400 MHz, CDCI3) 6 8.20 (IH, s), 4.55 (2H, t, J= 5.4 
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Hz), 4.45 (2H, q, J= 7.8 Hz), 4.00 (2H, t, J= 5.4 Hz), 1.43 (3H, t, J= 7.8 
Hz), 0.87 (9H, s), 0.00 (6H, s). miz (ES+) 300 (M+H+). 

Step 2: ri-(2-(r(l.l-Dimeihvlethvl )(HiTnp.thYn« Uvl1oxv>e^^ 
5 taiazol-5-vI|methanol 

A solution of DBBAL (5.37 mmol) in THF (1.0 M, 5.37 ml) was added 
dropwise to a stirred solution of the ethyl l-(2-{[l,l- 
dimethylethyl)(dimethyl)silyl]oxy]ethyl)-lH-l,2,3-tri^^ 

10 (0.73 g, 2,44 mmol) in TED? (40 ml) cooled to -78«C under N2. The reaction 
was allowed to warm to room temperature and then stirred for a further 3 
h. Further DEBAL (5.37 mmol) was added and the reaction was stirred 
overnight. The reaction was quenched by sequential addition of H2O (2.94 
ml), EtOAc (200 ml), NaHCOs (1.07g) and Na2S04 (9.5 g) and then stirred 

15 for 2 h at room temperature. The resulting soUd was filtered ofi^ washed 
with EtOAc (200ml) and then the filtrate was concentrated under reduced 
pressure. The crude residue was purified by colunm chromatography on 
silica using 5% MeOH/CH^Ch to yield the desired the alcohol (387 mg, 61 
%). 1^ NMR (400 MHz, GDCh) 5 7.58 (IH. s), 478 (2H, s), 4.57 (2H, t, J= 

20 5.6 Hz), 4.09 (2H, t, c7= 5.6 Hz), 3.70 (IH, broad s). 0.84 (9H, s), 0.00 
(6H. s). 

Step 3: 6-ari-(2-frQ)imethvlethvl )(dimpthYl^si lvl1oxvlethvl)^lg- 
ri.2.3 ]triazol-5-vl1methvlk)xvV3-(5-methvlisoxazol-3-vl)-ri.2.4ltria^ 
25 alnhthala ^TiA 

The reaction was carried out according to Example 1 Step 4 using [l-(2- 
{[(l,l-dimethylethyl)(dimethyl)silyl]oxy}ethyl)-lff-l,2,3-triazol-5- 
yl]methanol (387 mg, 1.50 mmol) and 6-chloro-3-(5-methylisoxazol-3-yl)- 
30 [l,2,4]triazolo[3,4-a]phthalaziae (430 mg. 1.50 mmol). The crude residue 
was purified by column chromatography on silica using 2 % MeOH/CH2Cl2 
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to yield the desired phthalazine (606 mg, 80 %). iH NMR (400 MHz, 
CDCI3) 5 8.74 (IH, d, J =8.2 Hz), 8.22 (IH, d,J= 8.2 Hz), 8.12 (IH, s), 
8.02 (IH, t. J= 8.2 Hz), 7.87 (IH, t, J= 8.2 Hz), 6.88 (IH, s). 5.91 (2H, s), 
4.74 (2H, t,J= 5.2 Hz), 4.13 (2H,t, J= 5.2 Hz), 2.64 (3H, s), 0.66 (9H. s), 
5 0.00 (6H, s). nUz (ES*) 507 CM:+H+). 

Step 4: 2-r5-(ff3-f5-MethvIisoxazol-3-vD-ri.2.41tTiazolor a|^<^1pTi*1i«la^n.fi. 
vnoxvlm6thvn-lg-ri.2.31triazol -l-Y^Hti5iTin1 

10 A solution of 6-({[l-(2-{[(dimethylethyl)(dimetliyl)silyl]oxy}etliyl)-Lff- 

[l,2,8]triazol-5-yl]methyl}o3y)-3-(5-methyIisoxazol-3-yl)-[l,2,4]triazolo[3,4- 
ojplithalaziae (606 mg, 1.2 mmol) and pyridinium para-toluenestilfonate 
(602 mg, 2.4 mmol) in EtOH (100 ml) was heated at 70»C for 36 h. The 
reaction was cooled to room temperature and concentrated to 

15 approximately 25 ml, the resulting solid was filtered off and dried to yield 
the desired phthaUszine (429 mg, 91 %). iH NMR (360 MHz, dS-DMSO) S 
8-55 (IH, d, J= 8.0 Hz), 8.22 (IH, d, J= 8.0 Hz), 8.12-8.00 (2H, m). 7.93 
(IH, t, J= 8.0 Hz), 7.11 (IH, s), 5.83 (2H, s), 4.58 (2H, t,J= 5.3 Hz), 3.84 
(2H, t,J= 5.3 Hz), 2.59 (3H, s). 

20 

Step 5: 6-((ri-r2-Bromoethvl)-Lg-1.2.3-triazol-5-YBmethvlloxvV3-(5- 
mftthYli«;nTr flzn1-3-Yl)-fl.2.41tria y-o1nf.^,4<t ]phthalazuie 

A suspension of 2-[5-({[3-(5-methylisoxazol-3-yl)-[l,2,4]triazolo[3,4- 
25 a]phthalazin-6-yl]oxy}methyl]-lH-[l,2,3]triazol-l-yl]ethanol (429 mg, 11 
mmol) in CH2CI2 (25 ml) was treated with thionyl hromide (500 pi) at room 
temperature under N2 and the mixture was stirred at room temperature 
for 1 h, during which time the compound appeared to go into solution and 
then precipitate again. The reaction mixture was concentrated under 
30 reduced pressure, then taken up in MeOH/CH2Cl2 and dry loaded onto 
silica. Colimm chromatography on silica using 2 % MeOH/CH2Cl2 
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contaiaing 1 % NHs as eluent yielded the desired bromide (429 mg, 25 %). 
iH NMR (360 MHz, CDCls) 5 8.68 (IH, d, J= 7.6 Hz), 8.16 (IH, d.J= 7.6 
Hz), 8.11 (IH, s), 7.98 (IH, t,J= 7.6 Hz), 7.83 (IH, t,J= 7.6 Hz), 6.85 (IH, 
s), 5.87 (2H, s), 4.99 (2H, t, J= 6.4 Hz), 3.89 (2H, t,J= 6.4 Hz). 2.58 (3H, 
5 s). mJz (ES+) 455, 457 (1:1, M+H+). 

Step 6: N.N-DimethvI-2-r5-fff3-f5 -niftthv]ii^Tra7' ol-3-yl)ri.2.41tii^ 
« ]p htha1agnn -6-vl1oxv>mel3ivl)-lg-fl.2.31tria2ol-l-vl 1fttViYla™ 

10 A solution of 6-({[l-(2-bromoethyl)-lJ?-l,2,C-triazol-5-yl}metliyl}o^)-3-(5- 
raLethyIisDxazol-3-yl)-[l,2,4]tria2olo[3,4-a]phthalazine (125 mg, 0.27 mmol) 
in DMF (5 ml) and Me2NH (2.0 M in THF, 4 ml, 8 mmol) were heated at 
80°G for 4 h in a sealed tube. The reaction mixture was concentrated 
under reduced pressure and then taken up in MeOH/CH2Cl2 and dry 

15 loaded onto silica. The mixture was purified by coliunn chromatography on 
sihca using 1.5 % MeOHyCH2Cl2 containing 1 % NHs as eluent to yield the 
" desired phthcOazine (50 mg, 44 %). ^H NIMR (360 MHz, CDCI3) 8 8.69 (IH, 
d, J= 8.0 Hz), 8.18 (IH, d, J= 8.0 Hz), 8.07 (IH, s). 7.98 (IH, t.J= 7.6 
Hz). 7.82 (IH, t. J= 7.6 Hz), 6.85 (IH, s), 5.86 (2H. s), 4.66 (2H, t, J= 6.9 

20 Hz), 2.92 (2H, m), 2.59 (3H, s), 2.32 (6H. s). miz (ES+) 420 (M+H+). 

EXAMPLE 9 

Dimethvl-(2-f4-r3-(5-methvlisoxazol-3-vlVfl.2.41triazolor3.4-alp Hf.ha1g-7:iTi- 
25 6-Yloxvmethvl1-ri.2.31triazol-l-vl>ethYl)amine 

Step 1: (l-r2-(fert-ButvldimethYlsilanYloxy)ethvll-Lg-ri.2.31triazol-4- 
vllmethanol 



30 



The reaction was carried out as described in Example 8 step 2 usiag ethyl 
l-(2-{[l.l-dimethylethyl)(dimethyl)siLyl]oxylethyl)-ljEr-l,2,3-triazole-4- 
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carboxylate (1.67 g, 7.22 mmol) to yield without chromatograpliy the 
desired the alcohol (1.67 g. 90 %). m NIi4R (400 MHz, GDCk) 6 7.64 (IH, 
s), 4.79 (2H, s), 4.46 (2H, t, J= 5.2 Hz), 3.98 (2H, t,J= 5.2 Hz), 0.85 (9H, 
s), -0.02 (6H. s). 

5 

Step 2: 6-a-^2-ft^ H^■B^ltYll^iTnpf^lY1«fl«T1 vloxy)ethvl^- lg-^1.2■3^ triazol-4- 
vTmethnCTl-3-(5-methvlisoxay-ol-3-vlVri.9 .,4]tHay/i1nf3.4<dphthaI^^ 

The reaction was carried out according to Example 1 step 4 using {l-[2- 
10 (tert-butyldimethyl8ilanyloxy)ethyl]-lfl^[l,2,3]triazol-4-yl}methaaol (1.67 
g, 6.49 mmol) and 6-chloro-3-(5-mettylisoxazol-3-yl)-[l,2,4]triazolo[3,4- 
a]phthalaziae (1.85 g, 6.49 mmol). The crude residue was purified by 
column chromatography on silica using 2-3 % MeOH/CHzCk cont ainin g 1 
% NHa to yield the desired phthalazine (2.82 g, 86 %). NMR (400 MHz. 
15 CDCI3) 8 8.75-8.70 (2H, m), 8.23 (IH, d, J= 8.5 Hz), 7.94 (IH, t, J = 8.5 
Hz), 7.80 (IH, t. J= 8.5 Hz), 6.91 (IH, s), 5.79 (2H, s), 4.46 (2H, t, J= 5.7 
Hz), 3.99 (2H, t, J= 5.2 Hz), 2.60 (3H, s), 0.67 (9H, s), -0.16 (6H, s). mlz 
(ES+) 507 (M+H+). 

20 Step 3: 2-f4-r3.f5-Methvl i'anT«y.n1.3.v lVri.2.41tria2olor3.4-alpb *T'a1»^ti-R- 
vloxvmethvn-ri.? ,aitriaw>1-1-Y»}'>*^aTinl 

The reaction was carried out accorduag to Example 8 step 4 using 6-{l-[2- 
(tert-bu1yldimethylsilanylo:^)ethyll-Lff-[l,2,3]triazol-4-ylmethoxy}-3-(5- 

25 methylisoxazol-3-yl)-(l,2,4]tiiazolo[3,4-o]phthalazine (600 mg, 1.18 mmol) 
andpyridiniiunporo-toluenesulfonate (595 mg, 2.37 mmol) to yield the 
desired alcohol (354 g, 76 %). ^H NMR (400 MHz, dC-DMSO) 6 8.55 (IH, d, 
J= 7.9 Hz), 8.44 (IH. s), 8.17 (IH, d, J= 7.9 Hz), 8.09 (IH, t. J= 7.9 Hz). 
7.91 (IH, t, J= 7-9 Hz). 7.17 (IH, s), 5.70 (2H, s), 4.43 (2H, t, J= 5.4 Hz). 

30 3.79 (2H. t. J = 5.4 Hz). 2.59 (3H. s). 
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Step 4: Dimethvl-(2-(4>r3-(5-methvliaoxazol>3>vlVri.2,41tea2X)lor^ 
alT)hthalazm"6-vloxvmethvl1'ri.2.31teazol"l-vl)ethvl)aii^ 

Mesyl chloride (349 pi, 4.5 mmol) was added to a stirred suspension of 2- 

5 {4-[3-(5-methylisoxa2ol-3-yl)41,2,4]tria2olo[3,4-o]phthal^^ 

yIox3rmetliyl]-[l,2,3]triazol-l-7l}etlianol (354 mg, 0.9 mmol) in EtsN 
(629 jil, 4.5 mmol) and CH2CI2 (50 ml) at O^C mider N2. The reaction was 
stirred overnight slowly warming to room temperature. H2O (20 ml) was 
added and the organics separated, dried and concentrated mider reduced 

10 pressure. The crude residue was taken up ia DMF (5 ml) in a sealed tube 
and a solution of Me2NH (8 mmol) in THF (2.0 M, 4 ml) was added. The 
reaction was heated at SO^C for 4 h. The reaction mixture was 
concentrated under reduced pressure and then taken up in MeOH/CH2Cl2 
and dry loaded onto silica. The mixture was purified by column 

15 chromatography on sOica using 1.5 % MeOH/CH2Ca2 contaiiung 1 % NH3 
as eluent to yield the desired phthalazine (30 mg, 8 %). iR NMR (360 MHz, 
CDCaa) 5 8.85 (IH, s). 8.64 (IH, d, J= 7.4 Hz), 8.24 (IH, d, J= 7.4 Hz), 
7.93 (IH, t, J= 7.4 Hz), 7.80 (IH, t, J= 7.4 Hz), 6.90 (IH, s), 5.77 (2H, s), 
4.46 (2H, t, J= 6.5 Hz), 2.92 (2H, t, c7= 6.5 Hz), 2.60 (3H, s), 2.24 (6H, s). 

20 m/z (ES+) 420 (M+H+). 

EXAMPLE 10 

3-(6-MethvIisoxazol-3-YlV6-(6-rmorphoUn-4>vl1pvridin-2- 
25 vhnethoxy)fl,2.41tria2olo-r3,4-al p>^<^^ala7n'nP. 

Step 1: 4'f6-(^p i^-BiitYlHim ethvlsilanvloxvmet hYl)>pY^Hiii -2-vl1^^ 



30 



A solution of 2-bromo-6-(te^^butyldimethyls^lanyloxymethyl)pyridine 
{J.Org.Chem,; 1993; 4389-4397) (500 mg, 1.66 mmol), moxpholine (173 ^il, 
2.0 mmol), l,3-&is(diphenylphospluno)propane (68 mg, 10 mol %) in 
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toluene (20 ml) was degassed with a stream of N2 for 15 min. Sodium tert- 
butoxide (222 mg, 2.31 mmol) and Pd2(dba)3 (76 mg, 5 mol %) were added 
and the reaction mixture was heated at 70^0 overnight under N2. After 
cooling to room temperature, Et20 (100 ml) was added and the solution 
5 was washed with brine (25 ml), dried and concentrated under reduced. The 
mixture was purified by column chromatography on silica using 30 % 
Et20/iso-hexanes as eluent to yield the desired amuvopyridine (370 mg, 72 
%). iH NMR (400 MHz, CDCaa) 5 7.40 (IH, dd, J= 8.6, 7.4 Hz), 6.75 (IH, d, 
7.4 Hz), 6.38 (IH, d, J= 8.6 Hz), 4.56 (2H, s), 3.70 (4H, t, J= 5,0 Hz), 
10 3.36 (4H, t, J= 5.0 Hz), 0.84 (9H, s), 0.00 (OH, s). miz CES+) 309 (M+H+). 

Step 2: (6-(MorPhohn-4-vl)pvTidin-2-vDmethanol 

A solution of tetrabutylammonium fluoride (1.44 mmol) ia THF (1.0 M, 

15 1.44 ml) was added to a stirred solution of 4-[6-(ieri- 

buiyldimethylsilanyloigTnethyl)-pyridin-2-yl]morpholine (370 mg, 1.2 
mmol) in THF (10 ml) at room temperature under N2 and the reaction 
mixture was stirred at room temperature for 1 h. H2O (30 ml) was added 
and the organic were extracted with EtOAc (150 ml), then washed with 

20 brine (50 ml), dried and concentrated under reduced. The mixture was 
purified by column chromatography on silica using 100 % Et20 as eluent 
to yield the desired hydroocymethylpyridine (192 mg, 82 %). ^H NMR (360 
MHz, CDCI3) 5 7.49 (IH, dd, J= 8.4, 7.4 Hz), 6,57 (IH, d, J= 7.4 Hz), 6.51 
(IH. d, J= 8.4 Hz), 4.62 (2H, s), 3.83 (4H, t, J= 4.9 Hz), 3.50 (4H, t, J = 

25 4.9 Hz). 

Step 3: 3-f5-Methvlisoxazol-3-vlV6-(6-rmorphn lin-4.yl]pYridin>5^> 
YlTnftf.]imrY )[T,2.41triazolo-r3,4-alphthalazine 



30 



The reaction was carried out according to Example 1 step 4 using (6- 
(morphohn-4-yl)pyridin"2-yl)methanol (96 mg, 0.49 mmiol) and 6-chloro-3- 
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(5-methylisoxa2X)l-3-yl)-[l,2,4]triazolo[3,4-a]phthala2^ (141 mg, 0.49 
mmol). The crude residue was purified by column chromatography on 
silica using 2 % MeOH/CH2Cl2 containing 1 % NHa to yield, after 
recrystallisation from CH2Cl2/iso-hexane3, the desired phthalasijie (101 
5 mg, 46 %). m NMR (360 MHz, GDGh) 5 8.70 (IH, d, J= 8.1 Hz). 8.31 (IH, 
d. J= 8.0 Hz), 8.00-7.91 (IH, m), 7.85-7.78 (IH, m), 7.58-7.50 (IH, m), 6.97 
(IH, d, J= 7.2 Hz), 6.80 (IH, s), 6.61 (IH, d, J= 8.5 Hz), 5.60 (2H, s), 3.82 
(4H, t, J= 5.1 Hz), 3.54 (4H, t, J= 5.1 Hz), 2.57 (3H, s). rrUz (ES^) 444 
(M+H+). 

10 

EXAMPLE 11 

fi4f^-(9..(A9:fttidin-1~ vBethvlVl-methvl-lg-ri,2.3]tria^^ 
methvl-isoxazol-3-vl)-ri.2.41triazolor3,4-<slphth a lazine 

15 

Step 1: 4-fter^ -T^"^^'^^"iftthYlCTla nvloxvmethvD-l-methvl-ljg- 
ri.2.31tariazole 

A mixtiire of 4-hydroxymethyl-l-methyl-Lff-[l,2,3]triazole hydrochloride 
20 hydrate (WO-A-9850385) (7 0 g, 41.8 mmol), tert-butyldimethylsilyl 
chloride (6.3 g, 41.8 mmol), EtsN (11.6 ml, 83.6 mmol) and 4- 
(dimethylamino)pyridine (255 mg, 5 mol %) in CH2C5I2 (250 ml) was stirred 
at room temperature overnight under N2. Jso-hexanes (400 ml) were added 
and the resulting precipitate was removed by filtration. The filtrate was 
25 concentrated under reduced pressure and the mixture was purified by 
column chromatography on silica using 10-100 % EtaO/iso-hexanes as 
eluent to yield the desired protected alcohol (8.90 g, 94 %). iH NMR (360 
MHz, CDCJI3) 5 7.35 (IH, s), 4.73 (2H, s), 3.98 (3H, s), 0.81(9H, s), 0.00 (6H, 
s). 
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Step 2: 2-r4>ari J-Dimethvletb Yl)(^^^^^ M)silvl1oxv-)methvB 
lH-ri.2.31triazoL5-vlletha3ioI 

A solution of Buli (43.5 mmol) in hexanes (1.6 M, 27.2 ml) was added to a 
5 stirred solution of 4-(ter^butyldimethyl3iIanylox3miethyl)-l-methyl-l^^ 
[l,2,3]tria20le (8.90 g, 39.5 mmol) in THF (200 ml) at -78«C under N2. The 
resulting suspension was stirred at — 78°C for 45 min. A solution of 
ethylene oxide (5.69 g, 0.12 mol) in THF (40 ml) was added and the 
reaction allowed to warm slowly to room temperature and then stirred at 

10 room temperature for a further 1 h. NH4C1 solution (50 ml) was added and 
the organics were extracted with CH2CI2 (2 x 100 ml). The combined 
organic extracts were washed with brine (50 ml), dried and then 
concentrated under reduced pressure while dry loading onto silica. The 
mixture was purified by column chromatography on silica using 5-10 % 

15 MeOH/CJH2Cl2 as eluent to yield the desired hydroxyethyltriazole (7.41 g, 
70 %). iH NMR (400 MHz, CDCI3) 5 4.67 (2H, s), 3,86 (3H, s), 3.72 (2H, t, J 
= 5.2 Hz), 2.85 (2H, t, J= 5.2 Hz), 0.78 (9H, s), 0.00 (6H, s). mlz (ES+),272 
(M+H+). 

20 Step 3: 2-r4-((r(ia-Dimethvlethvl)f(iimethvl)3ilvl1oxvlmethvlVl--methvl" 
lH-1.2.3-triazol-5-vIlethvl methanesulphonate 

Mesyl chloride (314 pi, 4.06 mmol) was added dropwise over 2 min to a 
stirred solution of 2-[4-({[l,l-dimethylethyl)(dimethyl)silyl]oxy}methyl)-l- 

25 methyl-lfr-[l,2,3]triazol-5-yl]ethanol (1.0 g, 3.69 mmol) and EtsN (620 Dl, 
4,4 mmol) in CH2C12 (15 ml) at O^C under N2. The reaction was stirred for 
30 min at 0*>C, then diluted with CH2CI2 (150 ml) and washed with 1 N 
HCl (70 ml), NaHCOs solution (70 ml) and brine (70 ml). The solution was 
dried and concentrated under reduced pressure to yield the desired 

30 mesylate (1.42 g, 99 %) which was used without farther purification. ^H 
NMR (400 MHz, CDCI3) 6 4.73 (2H, s), 4.33 (2H. t, J = 6.4 Hz), 4.04 (3H, 
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s), 3.09 (2H, t, J= 6.4 Hz), 2.76 (3H, s), 0.78 (9H, s), 0.00 (6H, s). miz (ES+) 
350 (1V[+H+). 

Step 4: r5-f2-fAzetidin-l-vKethyft-l-methvl-lg-ri.2.81te 

5 

A solution of 2-[4r({[(l,l-dimei3iylethyl)(dimeti^^ 
methyl-l£r-l,2,3-triazol-5-yl]ethyl methanesulphonate (642 mg, 1.84 
mmol) and azetidine (2.48 ml, 18.4 mmol) in TEEF (10 ml) was heated at 
reflux for 4 h and then concentrated under reduced pressure while dry 

10 loading onto silica- The mixture was purified by column chromatography 
on silica using 2 % MeOH/CH2Cl2 containing 1 % NH3 solution as eluent. 
After concentrating under reduced pressure, THF (3 ml), H2O (3ml) and 
AcOH (9 ml) were added and the mixture stirred at RT for 60 h. The 
solvents were removed under reduced pressure while azeotroping with 

15 toluene (2 x 25 ml). The residue was dissolved in CH2CI2, diy loaded onto 
silica and purified by column chromatography on silica using 15 % 
MeOH/CBbCk containing 1 % NH3 solution as eluent to yield the desired 
hydroxymethyltriazole (103 mg, 29 %). NMR (360 MHz, CDCI3) 6 4.65 
(2H, s), 3.94 (3H, s), 3.25 (4H, t, J= 7.2 Hz), 2.76-2.62 (4H, m), 2.11 (2H, 

20 quintet, 7.2 Hz), m/z (ES+) 196 (M+H+). 

Step 5: 6-r5-(2-(Azetidin>l-vl)ethvl)-l-methvMg>ri.2,31triazol^ 
vlmethoxv1-3-(5-methvLisoxazol~3-vl)~fl,2 .4.]i:rifly^l of3,4-afa^ 

25 The reaction was carried out according to Example 1 step 4 using [5-(2- 
(azetidin-l-yl)ethyl)-l-methyl-lH-[l,2,3]triazol-4-yl]methanol (103 mg, 
0.53 mmol) and 6-chloro-3-(5-methyUsoxazol-3-yl)-[l,2,4]triazolo[3,4- 
a]phthalazine (150 mg, 0.53 mmol). The crude residue was purified by 
column chromatography on silica using 2 % MeOH/CHaCk containing 1 % 

30 NH3 to yield, after recrystallisation from CH2Cl2/t5o-hexanes, the desired 
phthalazine (104 mg, 44 %). NMR (360 MHz, GDCI3) 5 8.68 (IH, d, J = 
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7.9 Hz), 8.19 (IH, d, J= 7.9 Hz), 7.95 (IH, t, c7= 7.9 Hz), 7.78 (IH, t, J= 
7.9 Hz), 6.95 (IH, s), 5.75 (2H, s), 4.07 (3H, s), 3.11 (4H, t, J= 6.9 Hz), 
2.84 (2H, t, J= 7.1 Hz), 2.65-2.50 (5H, m), 1.99 (2H, quintet, c/= 6.9 Hz). 
m/0CBS^)446(M:+H+). 

5 

EXAMPLE 12 

4- r5^r{r3-f5-Methvli30xazol-3-vl)ri,2.41triazolor3,4-alDh^ 
vlloxvlmethvlfa yyt^iTi-2^v l]piT)eridm-4-ol 

10 

Step 1: l.l-DiT nettiYleth vl 4"hvdroxv-4-f5-hvdroxvmethvlpvridin-2-Yl1>l- 
pipftTiHiTie r ^boxvlate 

A solution of Bxili (9.94 mmol) in hexanes (1,6 M, 6,2 ml) was added 

15 dropwise over 3 rnin to a stirred solution of 2-broino-5-(teri- 

butyldimethylsilyloxyinethyl)pyridine (2.0 g, 6.63 mmol) in THF (40 ml) at 
-78oC under N2. The resulting solution was then stirred at -78*>C for 30 
min and a solution of iV-Boc-4-piperidone (1.95 g, 9.93 mmol) in THF (20 
ml) was added- The reaction was allowed to warm to room temperature 

20 and stirred for a further 15 min. NH4CI solution (40 ml) was added and 
the organics were extracted with EtOAc (3 x 50 ml). The combined 
organics were washed with brine (50 ml) and then concentrated under 
reduced pressure. A solution of tetrabutylammonium fluoride(6.63 mmol) 
in THF (1.0 M, 6.63 ml) was added to a stirred solution of the crude silyl 

25 ether in THF (100 ml) at room temperature under N2 and the reaction 
mixture was stirred for 1 h. NH4CI solution (40 ml) was added and the 
organic were extracted with EtOAc (3 x 50 ml), then washed with briae (50 
ml), dried and concentrated under reduced. The mixture was purified by 
column chromatography on siliSa using 100 % EtOAc as eluent to yield the 

30 desired hydroxymethylpyridine (0.89 g, 44 %). ^H NMK (360 MHz, CDCI3) 5 
8.48 (IH, s), 7.74 (IH, d, J= 8.1 Hz), 7.32 (IH, d, J= 8.1 Hz), 4.72 (IH, 
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broad s), 4.10 (2H, s), 4.10-4.00 (2H, m), 3.30-3.20 92H, m), 1.89 (2H, td, J 
= 8.1, 4.9 Hz), 1.56 92H, d, c7= 8.1 Hz), 1.47 (9H, s). nUz (ES+) 423 (M+H+). 

Step 2: l.l-Dimetfavlethvl 4-hvdroxv-4-f5-(ir3-(5-methvlisoxazol-3- 

piperidine carboxvlate 

The reaction was carried out according to Example 1 Step 4 using 1,1- 
dimethylethyl 4-hydroxy-4- [5-hydroxymet]iylpyridin-2-yl]-l-piperidine 

10 carboxylate (490 mg, 1.59 mmol) ard 6-chloro-3-(5-inethylisoxazol-3-yl)- 
[l,2,4]triazolo[3,4-a]phthalazine (454 mg, 1.59 mmol). The crude residue 
was purified by coltunn chromatography on siUca using 2.5 % 
MeOH/CHaCb containing 1 % NHs to yield the desired phthalazine (707 
mg, 80 %), m NMR (360 MHz, CDCI3) 5 8.85 (IH, s), 8.68 (IH, d, e/= 8.0 

15 Hz), 8.22 (IH, d, J= 8.0 Hz), 8.15 (IH, dd, J= 8.1. 2.1 Hz), 7.96 (IH, t, J= 
8.0 Hz), 7.81 (IH, t, J= 8.0 Hz), 7.39 (IH, d, J= 8.1 Hz)j 6.85 (IH, s), 5.70 
(2H, s), 4.20-4.00 (2H, broad s), 3.38-3,20 (2H, broad s), 2.61 (3H, s), 2.00- 
1.88 (2H, m), 1.65-1.55 (2H. m), 1.48 (9H, s). 

20 Step 3: 4-r5-(lf3-(5-Methvhsoxazol-3-vl)ri.2.41triazolor3,4-a] plii:lifllfl^n>fi- 
vnoxv)methvl)pvridin-2-vnpiper idiTi.4-n1 

Trifluoroacetic add (3 ml) was added to a stirred solution of 1,1- 
dimethylethyl 4-hydroxy-4- [5-({[3-(5-methyhsoxazol-3- 

25 yl){l,2,4]triazolo[3,4-a]phthalazin-6-yl]oxy}methyl)pyridin-2-yl]-l- 

piperidine carbo:^late(707 mg, 1.27 mmol) in CH2C12 (30 ml) at room 
temperature and the reaction stirred for 6 h. The reaction mixture was 
concentrated under reduced pressure, 2N NaOH solution (30 ml) was 
added and the residting precipitate was filtered off. After dissolving in 

30 MeOH/CHaCk (60 ml) and dry loading onto alumina, the crude residue 
was purified by column chromatography on alumina using 5-7 % 
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MeOH/CH2Cl2 containing 1 % NEb to yield the desired phthalazine (361 
mg, 62 %). iH NMR (360 MHz, dS-DMSO) 8 8.80 (IH, s), 8.55 (IH, d, J = 
7.1 Hz), 8.23 (IH, d. J= 7.1 Hz), 8.15-8.03 (2H, m), 7.93 (IH, t. J= 7.1 Hz). 
7.71 (IH, d, J= 7.4 Hz), 7.07 (IH. s). 5.67 (2H, s), 5.06 (2H. s), 2.91 (2H. t, 
5 J= 11.2 Hz), 2.74 (2H, d, J= 11.2 Hz), 2.60 (3H, s), 2.04 (2H, td, J= 12.4. 
4.0 Hz), 1.44 (2H, d, J= 12.4 Hz). nUz (BS+) 458 (M+H*). 



EXAMPLE 13 

10 3-(5-Methvliaoxazol-3-vD-6-(l'.2'.3' . 6'-tetrahvdro-r 2.4nbipvTidinvl-5- 
vlmethoxv'>-ri.2.41taiazolor3-4-a1phthalazrne 

Step 1: Ll-Dimethvlethvl 5-(ir3-(5-inethvlisoxazol-3-vl)ri.2.41t riazolor3.4- 
/.]pT»th«l5i^T i-fUvl1 nwlm ethvlV3'6'-dihv dro-2.4'-bipvridine-l'(2'.H)- 
15 carboxvlate 

Bui^ss reagent (262 mg, 1.1 nunol) was added to a stirred solution of 1,1- 

dimethylethyl4-liydroxy-4-[5-({[3-(5-methylisoxazol-3- 

yl){l,2,4]triazolo[3,4-a]phthalazin-6-yl]oxy}methyl)pyridin-2-yl]-l- 

20 piperidine carboxylate (307 mg, 0.55 mmol) in 1,2-dichloroethane (20 ml) 
at room temperature under N2 and the reaction heated at reflux for 90 
min. After cooling to room temperature, the reaction mixture was 
concentrated under reduced pressure while dry loading onto siUca. The 
residue was purified by column chromatography on siUca using 2 % 

25 MeOH/CH2Cla containing 1 % NH3 to 3rield the desired phthcdazine (296 
mg, 99 %). m NMR (360 MHz, GDCI3) 8 8.86 (IH, s), 8.66 (IH, d, J= 8.0 
Hz), 8.20 (IH, d, J=.8.0 Hz), 8.05-8.00 (IH, m), 7.95 (IH. t.J= 8.0 Hz), 
7.79 (IH. t, J= 8.0 Hz). 7.43 (IH. d, J= 8.1 Hz), 6.85 (IH. s). 6.66 (IH, m), 
5.67 (2H, s), 4.17-4.11 (2H, m), 3.67-3.58 (2H, m). 2.68-2.60 (2H, m), 2.59 

30 (3H, s), 1.49 (9H, s). m/z (ES+) 540 (M+H+). 
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Step 2: 3-f6-MethvIisoxazol-3-YlV6-(l'.2'.3'.6'-tetrahvdro -p,^1>''PY"*^^TiYT- 
R.YlTT»ftf.hnTr Y)-fl.2.41tiAazobf3.4<t1phthalaziiie 

5 The reaction was carried out accordic^ to Example 12 step 3 using 1,1- 
dimethylethyl5-({[3-(5-methylisoxazol-3-yl)[l,2,4]triazolo[3,4- 
a]phthalazin-6-yl]oxy}methyl)-3'6'-diliydro-2,4'-bipyridijie-r(2'i?)- 
carboxylate (296 mg, 0.55 mmo]) and trifluoroacetic add (5 ml). The crude 
residue was pvirified by coliunn chromatography on silica using 7 % 

10 MeOH/CH2Cl2 containing 1 % NHs to yield the desired phthalazine (124 
mg, 51 %). m NMR (360 MHz. CDCI3) 5 8.81 (IH. s), 8.68 (IH. d. J= 7.6 
Hz). 8.21 (IH, d,J= 8.0 Hz), 8.05-7.90 (2H, m), 7.80 (IH, t,J= 8.0 Hz), 
7.43 (IH, t, J= 8.1 Hz). 6.85 (IH, s), 6.75 (IH, broad s), 5.68 (2H, s), 3.60 
(2H, q. J= 2-9 Hz). 3.12 (2H, t. J= 5.7 Hz), 2.67-2.55 (5H, m). m/a (ES+) 

15 440 (M+H+). 

EXAMPLE 14 

■ 3-(5-MethvlisoxazoI-3-vD-6-fl-methvl-5-fpipe rirliTi-1-Yl)methYl-lJ5r- 
20 ri.2.31triazol-4-vlmethoxv)-ri.2.41triazolor3.4 -alphthalazine 

Rtftp 1 : f4-(ira.l-DimethvlethY? >('<i"^'^tTiYl)« avlloxvlmethvl)-l-methvl-lg- 
fl.2.31triazol-5-Yllmethanol 

25 A solution of BuLi (23.6 mmol) in hexanes (1.6 M, 14.7 ml) was added to a 
stirred solution of 4-(tert-butyldimethylsilanyloxymethyl)-l-methyl-lH- 
[1.2,3]triazole (3.00 g. 13.2 mmol) in THF (50 ml) at -78»C under N2. The 
resulting solution was stirred at -78"C fi)r 15 min, then warmed to -40»C 
and recooled to -IS^C. DMF (4.97 ml, 64.2 mmol) was added and the 

30 reaction was allowed to warm to room temperature. MeOH (50 ml) was 
added, followed by sodixun borohydride (1.21 g. 32.1 nunol) and the 
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reaction mixture was stirred at room temperatxire for 30 min. NH4CI 
solution (50 ml) was added cautiously. The organic solvents were removed 
under reduced pressure, then 4N NaOH solution (50 ml) was added and 
the organics were extracted with GH2GI2 (3 x 100 ml). The combined 
. 5 organic extracts were washed with NH4CI solution (50 ml) and brine (50 
ml), then dried and concentrated under reduced pressure. The crude 
residue was purified by column chromatography on silica using 3 % 
MeOH/CHaCk to yield the desired hydroxymethyltriazole (2.83 g, 83 %). iR 
NMR (360 MHz, CDCI3) 8 4.77 (2H, s), 4.62 (2H, d, J= 5.9 Hz), 3.90 (3H, 
10 s), 0.78 (9H, s), 0.00 (6H,s). m/z (ES+) 258 (M+H+). 

vStft p 2: 4-((r(l.l-Dimethvleth Y^)(^^^'^^^ v^s^vMo^^P^^thvl)-5'^ 
HiniP.thvlethvDfdiphenvl)silvlloxvlmethvlVl-methvl-lg-l,2 

15 A mixture of [4-({[(l,l-dimethylethyl)(dimethyl)silyIloxy}methyl)-l"methyl- 
ljEr-[l,2,3]triazol-5-yl]methanol (1.23 g, 4.79 mmol), tert-butyldiphenylsilyl 
* chloride (1.25 g, 4.79 mmol), EtsN (666 111, 4.79 mmol) and 4- 
(dimethylamino)pyridine (29 mg, 5 mol %) in CH2CI2 (50 ml) was stirred at 
room temperature for 72 h under N2. /so-hexanes (400 ml) were added and 

20 the resulting precipitate was removed by JBdtration. The filtrate was 
concentrated reduced and the mixture was purified by column 
chromatography on sihca using 40 % Bt20/iso-hexanes as eluent to yield 
the desired bis-protected diol (1.77 g, 74 %). NMR (400 MHz, CDCI3) 5 
7.74-7.65 (4H, m), 7.55-7.40 (6H, m), 4.88 (2H, s), 4.56 (2H, s), 4.11 (3H, s), 

25 1.10 (9H, 8), 0.82 (9H, s), 0.00 (6H, s). nUz (ES+) 496 (M+H+). 

Step 3: r5-f(rfl.l-DimethvlethvlVdiphenvlkilvl1oxvl methvlVl-mfithvl-lg^ 
ri.2.31triazol-4-vI]methanol 



30 Pyridinium para-toluenesulfonate (0.99 g, 3.94 mmol) was added to a 
stirred solution of 4-({[(l,l-dimethylethyl)(dimethyl)silyl]oxy}methyl)-5- 
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({[(lA-dime1±Lylethyl)(diphenyl)sa.yl]oxy}methyl)-l-metliyl-lH^ 
triazole (1.77 g, 3.56 mmol) in EtOH (50 ml) and then heated at 50°C for 6 
h. The reaction mixture was concentrated under reduced pressure, then 
taken up in EtOAc (100 ml) and washed with H20 (100 ml), 2N NaOH 

5 (100 ml) and hrine (100 ml). After drying, the solvents were removed 
under reduced pressure and the mixture was purified by column 
chromatography on silica using 10-100 % Et20/iso-hexanes as eluent to 
yield the desired hydroxymethyltriazole (1.20 g, 89 %). NMR (360 MHz, 
CDCI3) 6 7.68-7.60 (4H, m), 7.50-7.34 (6H, m), 4.78 (2H, s), 4.46 (2H, s), 

10 4.02 (3H, s), 1.04 (9H, s). m/z (ES+) 382 (M+H+). 

Step 4: 6-((r5-(ff(l.l-Dimethvlethv»fdiphenvl)silYlloxv>methvD-l-methvl- . 

lg-ri.2.31tn ay.n1-4-vl 1niethYBoxv)-3-f5-methYlisoxazol-3-vD- 

fi 9.,/qtri5i TOlor3.4-alph *>»«l<»M«ft 

15 

The reaction was carried out according to Example 1 step 4 using [5- 
({[(l,l-dimethyethyl)((iiphenyl)silyl]03y}methyl)-l-methyl-lfl'- 
[l,2,3]triazol-4-yl]methanol (1.20 g, 3.14 mmol) and 6-chIoro-3-(5- 
methylisoxazol-3-yl)-[l,2,4]triazolo[3,4-a]phthala2dne (0.90 mg, 3.14 

20 mmol). The crude residue was purified by column chromatography on 

silica using 1-2 % MeOH/CHzCk containing 1 % NH3 to yield the desired 
plUhaUxzine (1.90 g, 96 %). NMR (360 MHz, CDCls) 5 8.68 (IH, d, J= 
7.9 Hz). 7.99 (IH. d, J= 7.9 Hz), 7.91 (IH, t. J= 7.9 Hz), 7.69 (IH. t,J= 
7.9 Hz). 7.55 (4H, d. J= 7.9 Hz). 7.34-7.18 (6H, m), 6.90 (IH, s), 5.43 (2H, 

25 s), 4.90 (2H, s), 4.10 (3H, s), 2.58 (3H, s), 0.99 (9H, s). m/z (ES+) 632 
(M+2H+). 



30 



Ste p 5: ri-Methvl-4-((r3-f5-methvhsoxazol-3-vl)ri.2.41triazolor3.4- 
«] phthalazine-6-vl1oxv)methvl)-l/y-fl.2.31triazol-5-vllmethanQl 
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A solution of tetrabutylammomum fluoride (3.3 mmol) in THF (1.0 M, 3.3 
ml) was added to a stirred solution of 6-({[5-({[(l, 1- 
dimethylethyl)(diphenyl)silyl]oxy} methyl)-l-methyl-lJ^^ 
yl]methyl}oxy)-3-(5-methylisoxa2»l-3-yl)41,2,4]triazolo[3,4^^^ 
5 (1.90 g, 3.3 mmol) in THF (50 ml) and MeOH (10 ml) at room temperature 
under N2 and the reaction mixture was stirred overnight. H2O (10 ml) was 
added and then the mixture was concentrated under reduced pressure to 
remove the organic solvents. The resulting solid was filtered ofl^ washed 
with H2O (20 ml), then triturated with CH2CI2 (100 ml), filtered and dried, 
10 to yield the desired hydroxymethyl^riazole (672 mg, 56 %). NMR (400 
MHz, d^-DMSO) 6 8.56 (IH, d, J= 7.9 Hz), 8.17-8.04 (2H, m), 7.91 (IH, td, 
J= 7.9. 0.9 Hz). 7.22 (IH, s), 5.71 (2H, s), 5,42 (IH, t, J= 5.6 Hz), 4.72 
(2H, d, J= 5.6 Hz), 4.06 (3H, s), 2.59 (3H, s). 

15 Step 6: 3-(5-MethvIisoxazol-3-vlV6-(l-methvl-5- (pT^^'^^"-''-Y^'^"^^^^^ 
fl.2,3 1triazol->4-vlmethoxvVri-2.41triazolo P.^-^1p^^>^a^«^T^ 

Thionyl chloride (625 pi, 8.6 mmol) was added to a stirred suspension of [1- 
methyl-4-({[3-(5-methyhsoxazol-3-yl)[i,2,4]triazolo[3,4-a]phthalazine-6- 

20 yl]oxy}methyl)-Lff-[l,2,3]triazol-5-yl]methanol (672 mg, 1.71 mmol) in 
CH2CI2 (50 ml) and the mixture was stirred at room temperature for 1 h 
under N2, during which period the solid dissolved and then precipitated. 
The reaction mixture was concentrated imder reduced pressure and then 
azeotroped with toluene (2 x 50 ml) and used without further purification. 

25 A portion of the crude chloromethyltriazole (125 mg, 0.30 mmol) and 
piperidine (0.30 ml, 3.0 mmol) in CHaCk (6ml) were stirred at room 
temperature for 48 h under N2. The mixture was then concentrated under 
reduced pressure while dry loading onto silica and purified by colunm 
chromatography on silica using 2 % MeOH/CH2Cl2 containing 1 % NHs 

30 solution as eluent to yield the desired phthalazijie (126 mg, 90 %), which 
was then recrystallised CHzCls/iso-hexanes. ^H NMR (360 MHz, CDCI3) 5 
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8.67 (IH, d, J= 8.0 Hz), 8.14 (IH, d, J= 8.0 Hz), 7.93 (IH, t, J = 8.0 Hz), 
7.75 (IH, d, J= 8.0 Hz), 6.94 (IH, b). 5.77 (2H, s). 4.12 (3H, broad s), 3.70- 
3.60 (2H, m), 2.59 (3H. s), 2.40-2.30 (4H, m), 1.75-1.33 (6H, m). 

5 EXAMPLE 16 

9^(A7:Ai:^HiTi-1-Yl )-l-(543-(5-methvlisoxazol-3-vD-ri.2,41t^^ 
a lphtl^^^^^Ti.6-vloxvmethvl1pvridin-2-vl>ethaiiol 

10 Step 1: 5-( *^^-^^^^^^^"^^*^>^Y^«^^«" rloxvmeth vlV2-vi^^ 

A solution of 2-bromo-5-(fert-bu<yldimethylsilyloi^methyl)pyrid^ (1.0 g, 
3.3 mmol) and vinyltributylstannane (2.09 g, 6.6 mmol) in 1,4-dioxane (30 
ml) was degassed with a stream of N2 for 15 min and then Pd(PPh3)2Cl2 

15 (116 mg, 5 mol %) was added and the reaction mixture heated at reflux 
under N2 for 20 h. After cooUng to room temperature, the solvent were 
removed under reduced pressure and the mixture was azeotroped with 
xylene (2 x 10 ml). The residue was purified by column chromatography on 
silica using 20 % EtOAc/iso-hexanes as eluent to yield the desired 

20 vinylpyridine (690 mg, 84 %). m NMR (400 MHz, CDCI3) 6 8.40 (IH, s), 
7.51 (IH, d, J= 8.0 Hz), 7.21 (IH, d, J= 8.0 Hz), 6.71 (IH, dd, J= 17,5, 
10.8 Hz), 6-06 (IH, d, J= 17.5 Hz), 5.34 (IH, d, J= 10.8 Hz), 4.64 (2H, s), 
0.81 (9H, s), 0.00 (6H, s). m/z (ES+) 250 (M+H+). 

25 Step 2: (6-Vinvlpvri'^iTi-3-y 1)methaiiol 

A solution of tetrabuiylaimnonium fluoride (15.6 mmol) in THF (1.0 M, 
15.6 ml) was added to a stirred solution of 5-(iert- 

butyldimethylsilanyloxymethyl)-2-vinylpyridine (3.55 g, 14.3 mmol) in 
30 THF (100 ml) at room temperature under N2 and the reaction mixture was 
stirred overnight. NH4CI solution (40 ml) was added and the organic were 
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extracted with EtOAc (3 x 70 ml), then washed with brine (50 ml), dried 
and concentrated under reduced. The mixture was purified by colunm 
chromatography on silica using 100 % EtOAc as eluent to yield the desired 
hydroxymethylpyridine (1,59 g, 82 %). NMR (360 MHz. GDCh) 5 8,45 
5 (IH, d, J= 1.7 Hz), 7.67 (IH, dd, J= 7.2, 1.7 Hz), 7.34 (IH, d, J= 7.2 Hz), 
6.80 (IH, dd, J= 17.5, 10.8 Hz), 6.15 (IH, d, J= 17.5 Hz), 5.47 (IH, d, J= 
10.8 Hz), 4.69 (2H, s). mlz (BS+) 135 (M+). 

Step 3: 3-(5-MethvlisDxazol-3-vl)-6-(6-vinvlpvridin-3-vhnethoxv)-> 
10 fl.2.41triay -nlnfa^4-Q] phtha]azine 

The reaction was carried out according to Example 1 step 4 using (6- 
vinylpyridin-3-yl)methanol (500 mg, 3.7 mmol) and 6-chloro-3-(5- 
methylisoxazol-3-yl)-[l,2,4itriazolo[3,4-a]phthalazine (1.05 g, 3.7 mmol). 

15 The crude residue was purified by column chromatography on silica using 
2-4 % MeOH/CH2Cb to yield the desired phthalazine (1.31 g, 92 %). ^H 
NMR (360 MHz, CDCI3) 5 8.86 (IH, s), 8.68 (IH, d, J= 8.0 Hz), 8.21 (IH, d. 
J= 8.0 Hz), 8.03 (IH, dd, c7= 8.0, 2.2 Hz), 7.95 (IH, t. J= 8.0 Hz), 7.80 
(IH, t, J= 8.0 Hz), 7.40 (IH, d, J= 8.0 Hz), 6.88-6.78 (2H, m), 6.23 (IH, 

20 dd, J= 17.5, 1.1 Hz), 5.68 (2H, s), 5.51 (IH, dd, J= 10.8, 1.1 Hz), 2.59 (3H, 
s). m/z (ES+) 385 (M+2H+). 

.Qfop A' 9-(A9a>t^din -l-Yl)-l-(5-r3-(5-methvlisoxazol-3-vlVri-2.41triaz^ 
/Y]pMTia1a9HTi >fi-Yloxvmethvl1p vri^'^-^--Y^}*^^hannl 

25 

N-Bromosucdnimide (254 mg, 1.42 mmol) was added to a stirred solution 
of 3-(5-methyHsoxazol-3-yl)«6<6-viBylpyridin-3'-ybnethoxy)- 
[l,2,4]triazolo[3,4-a]phthalazine (500 mg, 1.30 mmol) in DMF (70 ml), H2O 
(10 ml) and AcOH (0.1 ml) and the resulting solution stirred at room 
30 temperatiure for 90 min and then 4 N NaOH (3 ml) was added. The 

mixture was concentrated under reduced pressure and then taken up in 



wo 02/42305 



70 



PCT/GBOl/05164 



CH2CI2 (100 ml), dried and concentrated. The mixture was purified by 
column chromatography on silica using 2 % MeOH/CHfeCk containing 1 % 
NHs as eluent to yield a 1:1 mixture of the vinylpjrridine and the epoxide, 
miz (ES*) 401 (IVI+H+), which was used without further purification. The 
5 crude residue was taken up in DMF (5 ml) in a sealed tube and azetidine 
(126 pi, 1.87 romol) was added. The reaction was heated at 80<>C for 4 h- 
Thc reaction mixture was concentrated under reduced pressure and then 
taken up in MeOH/CH2Cl2, dry loaded onto silica and purified by column 
chromatography on silica iisiog 8 % MeOH/CHzCk containing 1 % NH3 as 

10 eluent. The firactions containing the correct compound were concentrated 
imder reduced pressure and farther purified on a prep, plate eluting with 
7 % MeOH/CBbCla containing 1 % NH3 to yield the desired phthalazine 
(4.9 mg, 1 %). m NMR (400 MHz, CDCI3) 5 8.82 (IH, s), 8.64 (IH, d, J = 
7.4 Hz), 8.21 (IH, d, J= 7.4 Hz). 8.06 (IH, d, J= 7.4 Hz), 7.95 (IH, t, J = 

15 7.4 Hz), 7.80 (IH, t, J= 7.4 Hz), 7.55 (IH, d. J= 7.4 Hz), 6.84 (IH, s), 5.68 
(2H, s), 4.68 (IH, dd, J= 7.7, 3.5 Hz), 3.38-3.23 (4H, m). 2.87 (IH, dd, J = 
10.9, 3.5 Hz), 2.70 (IH, dd, J= 10.9, 7.7 Hz), 2.60 (3H, s), 2.10 (2H, 
quintet, J= 6.3 Hz), m/z (ES+) 457 (M+H+). 

20 EXAMPLE 16 

N-Methvl-244-r3-(5~methvhsoxazol-3-yl)41.2.41triazolor3.4-afo^ 
vloxvmethvlVrL2.31triazoM-vllethvDaniine 

25 Step 1: 6-ri-f2-BromoethvlVlg-ri.2.31triazol-4-vlmethoxvI>3'(5- 
methvlisoxazol-3-vl)-ri-2.41triazolor3.4-alDhthalazine 

A suspension of 2-{4-[3-(5-methylisoxazol-3-yl)-[l,2,4]triazolo[3,4- 
a]phthalazin-6-yloxymethyl]-[l,2,3]triazol-l-yl}ethanol (300 mg, 0.76 
30 mmol) (from Example 1 Step 5) in CH2CI2 (20 ml) was treated with thionyl 
bromide (177 jil, 2.28 mmol) at room temperature under N2 and the 
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mixture was stirred at room temperature for 3 h. The reaction mixture 
was concentrated xmder reduced pressure, then taken up in MeOH/CH!2C5l2 
and dry loaded onto silica. Column chromatography on silica using 2 % 
MeOH/GEbCb containing 1 % NHa as eluent yielded the desired bromide 
5 (200 mg, 58 %). NMR (360 MHz, d«-DMSO) 5 8.56 (IH, d, J= 8.0 Hz). 
8,54 (IH, s), 8.19 (IH, d, J= 9.0 Hz), 8.10 (IH, t, J= 8.0 Hz), 7.94 (IH, t, J 
= 8.0 Hz), 7.18 (IH, s), 5.73 (2H, s), 4.83 (2H, t, J= 5.8 Hz), 3.94 (2H, t, J= 
5.8 Hz), 2.59 (3H, s). m/z (ES^) 455, 457 (1:1, M+H+). 

10 Step 2: N-Methvl-2-(4-r3-f5-methv:^isoxazol-3-vlVri.2.41triazolor3.4- 
/x]phtTifl]fl7nn-fi-v loxvmethvll-ri.2.3ltria7 ^l-i-ylH>^ 

A solution of 6-[l-(2-bromoethyl)-ljEr-[l,2,3]triazol-4-yhnethoxy]-3-(5- 
methylisoxazol-3-yl)-[l,2,4]triazolo[3,4-a]phthalazine (90 mg, 0.20 mmol), 

15 ethanol (2 ml) and methylamine (2.0 M in THF, 7.5 ml, 15 mmol) were 
heated at 90^C for 4 h in a sealed tube. The reaction solvent was removed 
in vacuoy water added and extracted into dichloromethane. These extracts 
were washed with water and saturated brine then dried over magnesium 
sulphate, filtered and concentrated in vacuo. The resultant solid was 

20 purified by preparative thin layer chromatography on silica eluting with 5 
% methanol-dichloromethane containing 1 % NH3 to give methyl-(2-{4-[3- 
(5-methyhsoxazol-3-yl)-[l,2,4]triazolo[3,4-a]phtha la zin-6-yloxymethyl]- 
[l,2,3]triazoH-yl}ethyl)amine as a White sohd (32 mg). m NMR (400 
MHz, ds-DMSO) 5 2.25 (3H, s), 2.59 (3H, s), 2.91 (2H, t, J 6), 4.43 (2H, t, J 

25 6), 5.70 (2H, s), 7.18 (IH, s), 7.94 (IH, t, J 7), 8,10 (IH, t, J 7), 8.19 (IH, d, 
J 8), 8.46 (IH, s), 8.56 (IH, d, J 8). m/z (ES^) 406 (M+H+). 

EXAMPLE 17 



30 te^^Butvl^3-(5-methvhsoxazo^3-vD-^1.2,4^triazoIo^3,4-a^phthalazin'6- 
vlQxvmethvnpvridazin-S-y Tnieth vDamine 
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Step 1: (6-r3-(5-Methvlisoxazol-3-vl)-ri,2,41triazolor3.4-alphth^ 
vIpxvmethvl1-Pvridaziii"3-vl>inethanoL 

5 (6-Hy(iroxymethylpyiida!rin-3-yl)metli^ (J. HeL Chem., 1996, 33 (6), 
2059-2061) (0.10 g, 0.71 mmol) and 6-chloxo-3-(5-methylisoxa2ol-3-yl)- 
[l,2,4]tria2olo[8,4<i]phthalaziiie (0.22 g, 0.77 mmol) were coupled together 
and purified as in Example 1, step 4 to give {6-[3-(5-metliylisoxa2ol-3-yl)- 
[l,2,4]triazolo[3,4-a]phthalazin-6-yloxymethyl]pyridazin-3 as 

10 a white solid (35 mg). NMR (400 MHz, de-DMSO) 5 2.58 (3H, s), 4.80 
(2H, s), 5.65-5.75 (IH, br s), 5.92 (2H, s), 6.99 (IH, s), 7.81 (IH, d, J 8), 
7.98 (IH, t, J8\ 8.07-8.15 (2H, m). 8.32 (IH, d, J 8), 8.58 (IH, d, J 8). m/z 
CES+) 390 (M+W). 

15 Step 2: ^er^-Butvl4643-f5-methvlisox a2X)l-3-vlVri.2.41triazolor3.4- 
^]pTiflifl1fl9:in>fU vloxvmethv1 lTY^^^^^--^'y^"^*'^^V^ 

Methane sulfonyl chloride (60 fd, 0.77 mmol) was added to a stirred 
suspension of {643-(5-methyUsoxazol-3-yl)-[l,2,41triazolo[3,4-a]phthala2in- 

20 6-yloxymethyl]pyridazin-3-yl}methanol (30 mg, 77 junol) in dry 

dichloromethane (7 ml) and triethylamine (0,12 ml, 0.87 mmol) at ambient 
temperature. After 2 h the mixture was applied directly to a pad of silica 
and eluted^with 5% methanol-dichloromethane to give the mesylate as a 
white solid (35 mg). This material, triethylamine (50 pi, 0.40 nmiol) and 

25 tert-butylamine (0.20 ml, 1,9 mmol) in tetrahydrofuran (5 ml) - ethanol (1 
ml) was stirred in a sealed tube and heated to 70oC. After 2 h the solution 
was allowed to cool, solvents removed in vacuo and purification by column 
chromatography, eluting with dichloromethane on a gradient of methanol 
(5-10%) containing 1% ammonia, gave ter^butyl{6-[3-(5-methylisoxazol-3- 

30 yl)-[l,2,4]triazolo[3,4-a]phthala2in-6-yloxymethyl]pyTidazin'3-. 

ylmethyl}amine as a white solid (15 mg). ^H NMR (400 MHz, dc-DMSO) 5 
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1.10 (9H, s), 2.59 (3H, s), 4.04 (2H, s). 5.91 (2H, s), 6.99 (IH, s), 7.83 (IH, 
d. J 8), 8.00 (IH, t, J 8), 8.03 (IH. d, J 8), 8.12 (iH, t, J 8), 8.31 (IH, d, J 
8), 8.58 (IH, d, J 8). mfe (ES+) 445 (M+H+). 

5 EXAMPLE 18 

f245-(3-l8oxa2»l-3-vl-ri.2.41tria2»lor3.4-o1phtihala2iT i-<^Yln^^ 
fl.2.41triazol-l-vlletb Yl}'<i"»ft*^>'Y^«™"'^ 

10 The reaction was carried out using" the procedure described in Example 1, 
Step 4, using 3-isoxazol-3-yl-6-(2,2,2-trifluoroethoxy)-[l,2,4]triazolo[3.4- 
a]phthalazine (WO-A-9850386) (100 mg, 0.29 mmol) instead of 6-chloro-3- 
(5-methyKsoxazol-3-yl)-[l,2,4]triazolo[3,4-a]phthalazine with [2-(2- 
dimethylaminoethyl)-2£r-[l,2,4]triazol-3-yl]methanol (Example 4, Step 2) 

15 (51 mg, 0.29 mmol). Crude residue was purified on silica eluting 2-6% 
MeOH/DCM, followed by crashing out firom DCM using isohexane. The 
title compound was isolated by filtration to give a cream solid (47 mg, 
39%). 

iH NMR (360 MHz, deDMSO) 5 2.13 (6H, s), 2.63-2.71 (2H, m). 4.40 (2H, 
20 t, J = 6.3 Hz), 5.84 (2H, s). 7.56 (IH, d, J = 1.7 Hz). 7.97 (IH, t, J = 8.0 Hz), 
8.03 (IH. s), 8.12 (IH, t. J = 8.1 Hz), 8.22 (IH, d, J = 7.9 Hz), 8.60 (IH, d. J 
= 7.5 Hz). MS (ES+) 406 ( M + 1). 

TCYAMPT.TC 19 

25 

Dimethvir2-l5-r3-(3-methviri.2.41oxadiazol-5-vD-ri.2.4ltriazolor3.4- 
/»]pVitbala7:in-R- vloxvmethvn-ri.2.41triazol-l-vBethy 1^aTnine 



30 



The reaction was carried out using the procedure described in Example 1, 
Step 4 using 6-chloro-3-(3-methyl[l,2,4]oxadiazol-5-yl)-[l,2,4]triazolo[3,4- 
ajphthalazine (WO-A-9850385) (125 mg, 0.44 mmol) and [2-(2- 
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dimethylaininoethyl)-2jEr-[l,2,4]tria2ol-3-yl]m (Example 4, Step 2) 

(74 mg, 0.44 mmol). Crude residue was purified on silica, eluting product 
with 3% MeOH/DCM, followed by trituratioii with DCM and isohexane. 
The title compound was isolated by filtration to give a white solid (50 mg, 
5 27%). 

iH NMR (360 MHz, dsDMSO) 5 2.15 (6H, s), 2.55 (3H, s), 2,63-2,71 (2H, 
m), 4^44 (2H, t, J = 6.2 Hz), 5.84 (2H, s), 7,99-8.06 (2H, m), 8.16 (IH, t, 
J = 7.6 Hz). 8.26 (IH, d, J = 7.9 Hz), 8.64 (IH, d, J = 7.8 Hz). MS (ES+) 421 
(M+1). 

10 

EXAMPLE 20 

Dimethvl(l-methvl"5-r3-(5-methvlisoxazol-3-vlVri.2.41triazolor3.4r 
alphthala9 nn-fi-Y^^^ n^ethYll-lg41,2.4]triazol-3 

15 

Step 1: ri-Methvl-5-ffr3-f5-methvlisoxa2ol-3-vlVri.2.41triazolor3.4- 
alphthalazin-6-vI1oxv>methvn-lj?41.2.41triazol-3-vllmethano^ 

6-CMoro-3-(5-methylisoxazol-3-yl)-l,2,4-triazolo[3,4-a]phthalaztne 
20 (Intermediate 1) (2.33 g, 8.2 mmol) was reacted with [3-({[(l,l- 

dimethylethyl)(dimethyl)silyl]oxy} methyl)-l-methyl-Lff-[l,2,4]triazol-5- 
yl]methanol OVO-A-0047582) (2.1 g, 8.2 mmol) as described in Example 1, 
Step 4, to give 6-({[3-({[(l,l-dimethylethyl) (dimethyl)sayl]oxy}methyl)-l- 
methyl-lH-l,2,4-triazol-5-yl]methyl}osy)-3-(5-methylisoxazol-3-yl)- 
25 [1.2,41triazolo[3,4-a]phthalazme as a white solid (2.3 g. 56%). MS (ES+) 
507 (M + 1). The foregoing silyl ether was deprotected as described in 
Example 3, Step 5, to. give the title compound as a white solid iu 56% 
yield. 

iH NMR (360 MHz, dcDMSO) 5 2.60 (3H, d, J = 0.6 Hz), 3.96 (3H, s), 4.42 
30 (2H, d, J = 5.9 Hz), 5.24 (IH, t, J = 5.9 Hz), 5.78 (2H, s), 7,23 (IH, d, J = 
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0.9 Hz), 7.95 (IH, t, J = 8.4 Hz), 8.11 (IH, t, J = 8.1 Hz), 8.24 (IH, d, J = 
7.9 Hz), 8.57 (IH, d, J = 7.8 Hz). MS (ES+) 393 ( M + 1). 

Ste p 2: 6-ar3-CMoromethvl-l-methvl~lg-ri.2.41triazol>-5-vl^^ 
5 (5"methvli «nYflyiil-3- vD41>2.41triazolor3.4-a1pht^ 

A suspension of [l-mel3iyl-5-({[3-(5-methylisoxazol-3-yl)-[l,2,4]tri^ 
a]phthalazin-6-yl]o^}methyl]-lH-[l,2,4]Mazol-3-^^^ (350 mg, 0.9 

mmol) in dichloromethane (15 ml) was treated portionwise with thionyl 

10 chloride (5 ml) at room temperature for 1 h. The mixture was evaporated 
in vacuo and the residue partitioned between 5% MeOH/DCM and water. 
The aqueous layer was basified with saturated KzCOs solution. The 
organic layer was separated, dried (MgS04), and concentrated to give the 
title compound as a white soHd (0.28 g, 78%). 

15 m NMR (400 MHz, CDCI3) 5 2.58 (3H, s), 4.10 (3H, s), 4.61 (2H, s), 5.82 
(2H, s), 6.88 (IH, s), 7.85 (IH, t, J = 8.3 Hz), 7,99 (IH, t, J = 8.2 Hz), 8.24 
(IH, d, J = 8.0 Hz), 8.72 (IH, d, J = 7.8 Hz). MS (ES^) 411 & 413 (ratio 
1.5:1) (M + 1). 

20 Step 3: Dimethvlfl-methvl-5-r3-(5-methvlisoxazol-3-vl)-ri,2.4]triazolor3,4' 
a1nhthala2dn-6-vloxvmethvl>lir-ri.2.41triazol-3-vlmethY l}ami^ 

A suspension of the foregoing chloride (110 mg. 0.27 mmol) in 
dichloromethane (10 ml) was treated with a 2.0 M solution of 
25 dimethylamine in THF (1.35 ml, 2.7 mmol) for 16 h at room temperature 
then for a further 2 h at 50oC. The reaction was concentrated in vacuo and 
the residue purified by silica plug chromatography eluting 1% MeOH/DCM 
then 6% MeOH/DCM. The title compound was obtained as an off-white 
soHd (55 mg, 49%). 

30 m NMR (400 MHz, dcDMSO) 5 2.24 (6H, s), 2.60 (3H, d, J = 0.6 Hz), 3.53 
(2H, 8), 3.97 (3H, s), 5.79 (2H, s). 7.24 (IH, d, J = 0.9 Hz), 7.95 (IH, t, J = 
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8.3 Hz), 8.11 (IH, t, J = 8.0 Hz), 8.25 (IH, d, J = 7.8 Hz), 8.57 (IH, d, J = 
'7.7 Hz). MS (ES+) 420 (M + 1). 

EXAMPLE 21 

5 

N-Ethvl-l4l-methvl-5-ffr3-f5-methvIisoxazQl-3-vI)ri.2.41tri^^ 
a1phthala2in-6-vl1oxvlmet3ivl)-lg41.2.41ti^^ 

Step 1: l-Methvl-5-fff3-f5-methvlisoxazol-3-vDri.2.41t^^ 
10 n^]plitlia1fl9:iTi ~6-vl1oxvlmethvlVlg41.2,41triazole-3-c^ 

A mixture of [l-methyl-5-({[3-(5-methylisoxazol-3-yl)-[l,2,4]triazolo[3^ 
a]phthalazm-6-yl]oxy}methyl]-Lff-[l,2,4]tria2M)L3-^^^ (Example 
20) (1 g, 2.55 mmol) in chloroform (120 ml) and manganese dioxide (4.4 g, 
15 51 mmol) was heated at reflux for 60 h. More manganese dioxide (2.2 g, 25 
mmol) was added and reflux continued for further 24 h. The cooled 
* mixture was filtered through "Hyflo" eluting with chloroform. Solvent was 
evaporated in vacuo to give the crude carbaldehyde as a yeUow solid (320 
mg). MS (ES+) 391 (M + 1). 

20 

Step 2: l-(l-MethvL5-((r3-(5-methvlisoxazol-3->vDri.2,41triazolor3.4- 
alphthalazm-6-vl1oxv>methvlVlg-ri.2.41triazol'3>vl>ethanol 

A cooled (ice/water bath) solution of the foregoing aldehyde (320 mg, 0.82 
25 romol) in dichloromethane (50 ml) was treated with a 3 M solution of 

methyl magnesiimi chloride ia THF (0.33 ml, 0.99 mmol). The cooling bath 
was removed and stirred at room temperature for 24 h. A solution of 
ammonium chloride was added and the dichloromethane layer separated. 
Aqueous re-extracted twice with dichloromethane. Combined organics 
30 dried (MgS04) and evaporated in vacuo to give crude which was purified 



wo 02/42305 



77 



PCT/CBOl/05164 



by silica chromatography eluting dichloromethaae then 2% MeOH/DCM to 
give the alcohol as a white soKd (180 mg, 54%). MS (ES+) 407 (M + 1). 

Step 3: l-(l-Methvl-5-»r3-(5-methvlisoxazol-3-Yl'>ri.2.41taia2olor3.4- 
5 rt]pMlial«i7nTi -6-vnoxvlmethvD-1 W- p -g-4:)tria20l-3-vU ettianmift 

The foregoing secondary alcohol was oxidized using manganese dioxide by 
the procedure described above to give the ketone (160 mg, 89%). MS (BS+) 
405 (M+1). 

10 

Step 4: N-EthvI-l-ri-methvI-5-((r3-(5-methvlisoxazol-3- 

vl')ri.2.41tria!z»lor3.4-a1phtt^a1 a->:iri-fi-YllnTr yWthvl)-lH41.2.41tria20l-3- 

Ylethvllamine 

15 The title compound (6 mg, 8%) was obtained by reductive amination of the 
fore^in^ ketone by the procedure of Exampb 2, Step 2 except the reaction 
was heated in a sealed tube at 50°C (oil bath) instead of room 
temperature. 

iH NMR (400 MHz, dsDMSO) 6 0.96 (3H, t, J = 7.1 Hz). 1.37 (3H, d, J = 6.8 
20 Hz), 2.53-2.61 (5H. m), 3.97-4.05 (4H, m), 5.80 (2H, s), 7.22 (IH, s), 7.96 
(IH, t, J = 8.2 Hz), 8.12 (IH, t, J = 7.8 Hz). 8.25 (IH, d, J = 7.8 Hz), 8.58 
(IH, d, J = 7.8 Hz). MS (ES+) 434 (M + 1). 
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The following compounds can be made by analogy with the foregoing 
Examples: 




Example No. 
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CLAIMS 



1. 



A compound of the formula 1: 




N 



Z 



L-Y-X-A-NR20R21 



0) 



wherein: 



10 



15 



20 



A is a Ci.4alkylidene group optionally substituted with one or more 
Ci-4alkyl, halogen or hydroxy groups in wMch case R^o aiwj 5^21 
independently chosen from hydrogen, Cuoalkyl, Cs-spydoaliyl, C5. 
ecydoalkenyl, C2-ioaIkenyl, Cz-ioalkynyl, aminoCi-ioalkyl, Ci-salkylaminoCi- 
loallcyl, di(Ci-6aIkyl)aminoCnoalkyl and phenylCi-ioalkyl, or and 
together with the nitrogen atom to which they are attached, form an 
unsaturated 4-7 membered heterocyclic ring optionally containing a 
further nitrogen atom or an oxygen atom, or a 5 or 6 membered 
heteroaromatic ring containing one, two or three further heteroatoms 
chosen from O, N and S, at most one of the heteroatoms being O or S, may 
be substituted with one or two groups chosen from halogen, hydroxy, 
Ci-ealkyl, CF3, CN, amino and nitro or and/or together with A and 
the nitrogen to which R^ and/or R^^ is attached, form a 4-7 membered 
heterocydic ring optionally containiag a further nitrogen or oxygen atom, 

and R^^ being optionally substituted with one, two or three groups 
chosen from halogen, hydroxy, Ci^alkyl, CF3, CN, amino, C(0)H, caxboxy 
and CO2C1.6 alkyl; 

alternatively A is a bond in which case R^ and R^^, together with 
the nitrogen atom to which they are attached, form a 4-7 membered 
unsaturated heterocyclic ring containing a further nitrogen or oxygen 
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atom, or a partially saturated heterocydic ring optionally containing a 
further nitrogen or oxygen atom, R^o and R^i being optionally substituted 
with one, two or three groups chosen from halogen, hydroxy, Ci-ealkyl, 
CFs, CN, amino, nitre, C(0)H, carboxy and COzCi-salkyl; 
5 is hydrogen, halogen or CN or a group CFs, OCF3, Ci.4alkyl, 

Ca.4alkenyl, C2-4aIkynyl, Ci-4alkoxy, C2-4aIkenyloxy or C2-4aIkynyloxy, each 
of which groiips is imsubstituted or 8id}stituted with one or two halogen 
atoms or with a pyridyl or phenyl ring each of which rings may be 
unsubstituted or independently substituted by one or two halogen atoms 
10 or nitro, cyano, amino, methyl or CFs groups; 

R2 is hydrogen, halogen or CN or a group CF3, OCF3, Ci.4alkyl, 
C2.4alfcenyl, Cz-ialkynyl, Ci-4aIko:^, Ca-ialkenyloxy or C2-4aIkynyloxy each 
of which groups is unsubstituted or substituted with one or two halogen 
atoms; 

15 L is O, S or NR'^ where R'^ is H, Ci^aliyl or Cs-ecycloalkyl; 

X is a 5-membered heteroaromatic ring containing 1, 2, 3 or 4 
heteroatoms independently chosen from oxygen, nitrogen and sulphur, at 
most one of the heteroatoms being oxygen or sulphur, or a 6-membered 
heteroaromatic ring containing 1, 2 or 3 nitrogen atoms, the 5- or 

20 6-membered heteroaromatic ring being optionally fused to a benzene ring 
and the heteroaromatic ring being optionally substituted by R^ and/or R7 
and/or R^ where R» is halogen, R3, OR^, 0C0R3 NR^R^, NR^CORs, 
tri(Ci-6alkyl)silylCi^alkoxyCi.4alkyl, CN or R^, Ry is halogen, R^ OR3 
0C0R3. NR4R5 NR4C0R5 or CN and R^ is R*, 0R3 or 0C0R3, where R3 is 

25 Ci^alkyl, Cg-calkenyl, Cz^alkynyl, Cs-scycloalkyl, hydroxyCi-ealkyl andR^ 
is optionally mono, di- or tri-fluorinated, R'^ and Rs are each independently 
hydrogen, Ci^aliyl, Ca^altenyl, C2^alkynyl, Cs-ecycloalkyl or CF3 or R^ 
and R5, together with the nitrogen atom to which they are attached, form a 
4-7 membered heteroahphatic ring containing the nitrogen atom as the 

30 sole heteroatom, and R^ is benzyl or an aromatic ring containing either 6 
atoms, 1, 2 or 3 of which are optionally nitrogen, or 5 atoms, 1, 2 or 3 of 
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which are independently chosen from oxygen, nitrogen and sulphur, at 
most one of the atoms being oxygen or sulphur, and is optionally 
substituted by one, two or three substituents independently chosen from 
halogen atoms and Ci.4aliyl, C52-4alkenyl, Cz-ialkjrayl, Ci-4alkoxy, 
5 C2-4aIkenyloxy and C2-4alkynyloxy groups each of which groups is 
unsubstituted or substituted by one, two or three halogen atoms, and 
when X is a pyridine derivative, the pyridine derivative is optionally in the 
form of the N-oxide and providing that when X is a tetrazole derivative it 
is protected by a Ci-^aHgrl group; or X is phenyl optionally substituted by 

10 one, two or three groups independently selected £com halogen, cyano, Ci> 
ealkyl, Cs^alkenyl, Cs-ealkynyl and Cs-ecydoalkyl; 

Y is optionally branched Ci.4alkylidene optionally substituted by an 
oxo group or Y is a group (CH2)jO whereia the oxygen atom is nearest the 
group X and j is 2, 3 or 4; 

15 Z is a 5-membered heteroaromatic ring containing 1, 2 or 3 

heteroatoms independently selected jfrom oxygen, nitrogen and sulphur, at 
most one of the heteroatoms being oxygen or sulphur and providing that 
when one of the atoms is oxygen or sulphur then at least one nitrogen 
atom is present, or a 6-membered heteroaromatic ring containing 2 or 3 

20 nitrogen atoms, Z beii^ optionally substituted by and/or R* where R^ is 
halogen. Re, NRtrs, NR^CORs, CN, fdryl, thienyl, phenyl, benzyl, pyridyl 
or a 5-membered heteroaromatic ring containing at least one nitrogen 
atom and optionally 1, 2 or 3 other heteroatoms independently selected 
£rom oxygen, nitrogen and sulphur, at most one of the other heteroatoms 

25 being oxygen or sulphur and R'^ is R^ or CN; 

R^ is Ci-ealkyl, Cz-ealkenyl, C2.6alkynyl, Ca-ecycloalkyl, 
hydroxyCi-€alkyl, Ci^alkoxy, Cz^alkenyloxy, Ca^alkynyloxy, 
Ci^alkoxyCi^alkyl, CH2F or CF3; and 

R'' and RS are each independentiy hydrogen, Ci-ealkyl, Ci^^alkenyl, 

30 Cz^allcynyl, Ca-ecycloallcyl or CF3 or R'^ and R^, together with the nitrogen 
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atom to which, they are attached, form a 4-7 membered heteroaliphatic 
ring containing the nitrogen atom as the sole heteroatom; 
or a pharmaceutically acceptable salt thereof 

5 2. A compound according to claim 1 of fbrmtda I*: 




OCH2-XAR20R21 
(10 

10 wherein A, X, R20 and R2i as defined in claim 1 

3. A compound according to claim 1 or 2 wherein A is Ci-2alk7lidene 
optionally substituted by one or two hydroxy or Ci.2alkyl groups. 

15 4. A compoimd according to any one of claims 1, 2 or 3 wherein R^o and 
R21 are independently selected firom hydrogen, Ci.6alkyl9 amino Ci^allsyl, 
Ci.6aIkylaminoCi.6alkyl, di(Cwalkyl)amino Ci-cal^l and phenyl Ci^alkyl 
or R20 and together with the nitrogen atom to which they are attached, 
form an azetidinyl, piperidinyl, piperazinyl or morpholinyl ring or a 5 or 6 

20 membered heteroaromatic ring containing 1,2 or 3 further heteroatoms 
chosen firom O, N and S, at most one of the heteroatoms being O or S, the 
heteroaromatic ring being optionally substituted by Ci.4alkyl. 



25 



5. A compoimd according to claim 1 which is: 

dimethyl{6-[3-(5-methyUsoxazol-3-yl)-[l,2,4]triazolo[3,4-a]phthalazin 

yloxymethyIlpyiidin-3-ylmethyl}amine; 
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dimethyl[2-{5-[3-(5-methylisoxazol-3-yl)-[l,2,4]t^^ 
yloxymethyl]-[l,2,4]triazol-l-yl}ethyl]ainm 

1- methyl-l-{2-[3-(5-methylisoxazol-3-yl)-[l,2,4Jtria2olo[3,4^ 
ylox3nnethyl]pyridm-5-yl}ethylaimiie; 

5 dimethyl-(l-mettiyl-l-{2-[3-(5-methyl-isoxaz^ 

a]phtliala2in"6-yloxymethyl]pyridm-5-yl}ethyl^ 

3-(5-methylisoxazol-3-yl)-6-[5-(l-methylpyrroKdin-2-yl)pyrid^ 

ylmethoxy]-[l,2,4]triazolo[3,4~a]phtha1a?nne; 

N,N-dimethyl-2-[5-(p-(5-methylisoxazol-3-yl)[l,2,4]tri 
10 a]pht]ialazin-6-yl]osy}methyl)-lfl^[l,2,3]ti^^ 

dimethyl-(2-{4-[3-(5-methyIisoxazol-3-yl)-[l,2,4]ti^^ 

yloxymethyl]-[l,2,3]triazol-l-yl}ethyl)ainm 

3-(5-methylisoxazol-3-yl)-6-(6-[morpholin-4-yl]pyri(im 

ylmethoxy)[l,2,4]triazolo-[3,4-a]phtha1aziTie; 
15 6-[5-(2<azetidin-l-yl)ethyl)-l-methyl-liT41,2.3]t^^ 

methyl-isoxazol-3-yl)-[l,2,4]triazolo[3,4-a]phthalazme; 
^ 4'[5-({[3-(5-methyli60xa2»l-3-yl)[l,2,4]triazolo[34-a]phth 

yl]oxy}methyl)pyridin-2-yl]piperidiQ-4-ol; 

3-(5-methylisoxazol-3-yl)-6<l\2\3\6'-tetrahydro-[2,41bipyridm 
20 ylmethoxy)-[l,2,4]tria2olo[3,4-a]phthaIazine; 

3-(5-metiylisoxazol-3-yl)-6-(l-methyl-5-(piperidin 
[l,2,3]iaiazol-4-ylmethoxy)-[l,2,4]triazoIo[3,4-a]pht^ 

2- (azetidm-l-yI)-l-{5-[3-(5-methylisoxa2ol-^ 
a]pMhalazin-6-yIoxymethyI]pyridin-2-yl}ethano^^^ 

25 N-methyl-2-{4-[3-(5-methyKsoxazoI-3-yl)-[l,2,4]triazolo[3,4-a]ph^^ 
yloxymethyl]-[l,2,3]triazol-l-yl}ethyl)a2niiie; 

teri-butyl[3-(5-methylisoxazol-3-yl)-[l,2,4]triazolo[3,4-a]phthala^ 
yloxymethyl]p3aida2in-3-ylmethyl)ainiiie; 
{2-[5-(3-isoxazol-3-yl-[l,2,4]triazolo[3,4-a]phthalazin-6-ylox^ 
30 [l,2.4]tria2ol-l-yl]ethyl}dimethylaimne; 
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dimethy^2^{5-[3<3-methyl[l,2,4]oxadiazo^5-yl)-[l,24]t^^ 
a]phthalazin-6-ylox3nnethyl]-[l,2,4]tiia2»l-l-yI}e1^^ 
dimethyl{l-methyl-5-[3<5-methylisoxazol-3-yl)-[l,2,4^ 
a]phthalazin-6-yloxymethyl]-lH-[l,2,4]triazol-3-ylm 
5 N-ethyl(l-{l-methyl-5-({[3-(5-methylisoxazol-3-yl)[l,2,4]te 
a]phtlialazin-6-yl]oxy}methyl)-lH"[l,2,4]triazol-3-yl]eth^ 
or a compound as shown in Table 1; 
or a pharmaceuticalLy acceptable salt thereo£ 

10 6. A pharmaceutical composition comprising a compound of formula I 
as defined in any one of claims 1 to 5 or a pharmaceutically acceptable salt 
thereof and a pharmaceutically acceptable carrier. 

7. A compound of formula I as defined in any one of claims 1 to 5 or a 
15 pharmaceutically acceptable salt thereof for use in a method of treatment 

of the hiunan body by therapy. 

8. Use of a compound of formula I as dejBned in any one of claims 1 to 5 
or a pharmaceuticalLy acceptable salt thereof for the manufacture of a 

20 medicament for treating a neurodegenerative disease. 

9. A method of treating an individual 8u£Eering fix)m a cognition deficit 
which comprises administering to that individual a therapeutically 
effective amount of a compound of formula I as defined in claim 1 or a 

25 pharmaceutically acceptable salt thereot 
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